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\ . ^ . ASSJRACT 



A^multdtude; o£ desig;n strategie^s are avaiW^e to achieve energy- 
efficient windows. Opportunities ,fbr ^improving window performance 
fall into si^ groups:' sit^^ exterior appendages, frime, glazing, * 
interior Accessories', and building, interior ^ Design strategies 
within these groups can Jijnprove'one or more of the six e"hergy _ 
functions of w:^ridows: sol^r heating, daylightiilg*, *^sKading, insu- 
^lation, afr tightnessT" and ventilation. Included •in this report 
*^are 33 strategies; an 'explanation of the !physical"phenohena respon- 
sible for eich strategy's ^enefgy ^Jerformance, summarized energy and 
t\>n-ener'gy advantages and di&ad-^^antag'es aesthetic ,co\isider:^tions; * 
cos^t approximations; example installations, laboratory studies, or 
calculations » by the authors; and. references • * Intended readers 
.include prof essional .designers , lessees aftid owne^rs'of comraercJjLal % 
space, home buyers afid owners, window 'component manufacturers, and 
researchers.. The repo^/ s pur]^ose"-is ^to draw ♦attention to the wide 
range of options currently available to conserve energy .with windows, 



Key Words: Air-tightness;* daylighting; energy conservation; 

insulation; shading; solar heating; v.eatilation; windows. N 



' INTRODUCTION, 



* Windt>ws can substantia;Lly al'tef the ajn^unt^of purchased energy ' y 
required to-niaintaii\ /omf ort / Wellr^esigned, they can actually / 
provide a net energy^ gain; pooj?lv,^esigned , they can be'an enormous 
energy^ burden'. jThi^ .report provides design strategies td*"make^ 
windows energy*-tipnserving . E^ch strategy is directed at (improving 
one or mpre of yche six ener^ fQnctions of windows, which\^re: 
. providing winder solar hea^,, providing year-i^ound dayli^liting, 
« rejecting sjifener solar h^dt, providing insulation and^^r tightness 
during p^vi/^is pf .heatijrtg or a^r conditioning, .and providing natu- 
ral ven)2alation during temperate weather, / 

Wimiow^ design ^cra'prfegies t6^ conse^e energy, need' not Be limited to 
t^ frame and gluing"; Site strategies can minimize adverse cli- 
matic forces an^i/o]? amplify beneficial climatic forces; exterior 
^appendages and ^^.nterior 'accessories can supplements the capabilities 
^ of th^ windoj/^'f rame and glazing;, and building interior Strategies 

can d[nsure^aximum benefit is 'derived from the energy assets the 
/window provides ^ , ^ / * 



In order to facilitate^ successful use of Resign strategies, this - • 
repo^ includ.esla cursory explanation of » the physical phenomena 
responsible f or e^ch stategy^s" performance. This is followed by 'ff * 
li^t summarizing tfte •energy, as well as non-energy, advantages and 
lisadvantages of each ^strategy. Then,^ since windows and their" 
accessories can* drastically 'affect the quality of "the building 
exterior, -as well a-s the character of the building exterior aes- 
thetics are .discussed. Brief price inquiries-^e reported'^to 
provide *est5imates of first costs^. Installation -was not included ia 
—most roRfifi gnrfi.fi hpransp of , thp , wid e v^aria tion in stallat ion situa- 
'^tions "Kitroduce^ More -precise \lollar rigures shoul^ be obtained 
from local distributors* before life-cycl^e costing' is, calculated for 
an actual building. Finally, the reference's usife- in writing and \ 
illustrating ea'ch strategyV and sources ^for further inf0^mati9n, 
. are listed. ' ' * "\ * 

Selection of individual strategies should be based on the importance 
^ of each of the wii}dow^s energy functions, considering the local . 

climate, the time of day and/or seasons the* building is mo3t used, 

and the environmental requirements rof the activities being housed. 

The strategy/f unction cross-refer ende table following .the intrgduc- 
, tion, is provided to help select strategies addressing the energy 
. functions determined to be most important for a specific project.. 

Final evaluation requires recalculation, of the total window system, 

since .the performance of.strat^ies in combination may differ from 

the sum of each individual's'perf ormance. 

T~ " % 



The report is not only intended for the prof e^ssional desig'aec, but ' 
,also fqr ^the researcher, 'to suggest further investigation of the 
many energy -conservation potentials of windo\*s; the manufacturer, 
to encourage furtfier refinement of the ^nergy-co,nservation. qualities 
of his product(s); and/th^ commercial lessee oT home buyer, with 
the hope that more energy-efficient windows will result as a conse- 
quence of demand from a consuming public better informed of the 
range of energy-conserving- options availal^le. ^' ' 

Work on this report , has been'r:on4ucted within the frame^^ork of an' 
National Bureau of Standards interdisciplinary Research project on . 
the energy-related performance of windows. The work on this project 
was partially in support the" dwelopment of Building Energy 
Performance Standards. It was jointly supported by the Energy > 
Resea?:ch* and Development' Administration (Contract E(49-l) 3800) ,■ by 
the United States Departm^edt ^f Housing and Urban Development , i 
(Contract Jlo. RT 193-12)*, and 'by the National '.Bureau of Standards. 
The content of the tepprt draws heavily upon resea?:ch and data 
published by private industry!. In referencing thi^s macer^al, NBS 

no way. endorses .specific manufacturer s^or products. Professional 
judgment must be exercised in assessing the -capabilities of strate-^ 
gies singly or .in combination for specific building projects.'- 

.... ,. - • 
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GtOSSARY . 

SOLAR SEATING : ' " ' ' 

Total Solar Transmit t^nce = th^ amount of solar energy trans- 
V mitted through the window configuration divided by the 

'total energy inci^nt (striking) "on the outside surface; 
(Given oas a percentage.) ' . ' ^ 

, ^ Latitude: for the convenience of the reader a map of the U. S. ^ 
with latitudes is provided on the opposite page. 

DAYLIGHTING : ' . 

•Visible Transmittancc = the amount of visible; ilight transmitted 
through a window configuration divided by .the amount of 

* . visible light incident on the outside surface. (Given 

as a percentage.) • ♦ " 

) ^ . . / • • . • . ' 

. ^HADING : ^ - ' v-v ' 

Shading Coefficient = the total amount of heat transmitted by 

* . a window configuration divided by the tot^l amount of "heat 

* transmitted ^by a single pane of double strength (1/8")^** 

glass. ' . ^ ^ ' . 

} 

INSULATION ' . * ' ' - 'j;^ " 

Btu = amount 9f heat required to raise th^ temperature of one 

potind of w^ter at its maximum density 'oije degree Farenheit. 

^« . ' • ' " - 

'U-value*= the amount of heat conducted from the inside air, 
\ '* through the window con^fTguration to the outside^ lair, or 

vice vers^, in the sujnm^. A 15-^ph 'outside wind is '^fesumed 
in the. winter, a 7 l/2-mph outside w^.nd is assumed in th^' 
, Sunmier . ' * The air inside is assumed still .summer and winter. 
(Given in Btu/square foot,"hdur degree Farenheit difference 
between outside -and' inside temperatures.) For example,^ a 
U-value of 0.50 means 0.50 Btu's pass^ through each square^ 
foot of window. configuration for every hour and, for each^ 
Farenhej-t 'degree d:^fference existing between the inside 
and outside temperature, s . * • ' 

R-value,= the resistance a material offers tq. the flow of heat^ 
from one surface to ^nothe]{. The reslstancet between the ^ 
* siirf^e to the air is considered separately. The reciprocal- 
^of the Sum of the Resi^stances equals* the U~value. U=*^ 

; " (R +R -M'...R ). , * ' ' % ' , ^ 

AIR TIGHTNESS, VENTILATION : ' ** . ' ^ 

'Volume of air passing- through an opening = cubic l^et ^of air 
for a giv,en time period divided by crack length (fot 

• * inf iltration> br divided by open areaV^of sash (for . 
venjt ilat i on ) r*""'*'"^" ' 



• - SI CONVERSION 



In view of present accepted practice in thie country in tffis 
technological area, common U.S. units of measurement have been 
•jised throughout this paper. In -recognition of the position of 
the USA as a signatory to. the* General Conference on Weiglits and 
Measures, which gave official status to the metric SI system of 
units in I960,' we assist readers Interested in making use of the ' 
coherent system^ of §1 units by giving conversion, factors applica- 
ble to U.S: units u^ed in this paper. ^ 



Length 



4 * 
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1 in = 0.0254 meter* ^(m) 

1 ft = 0.3048 meter* (m) * * ' ^ ' , 

Ax e a * ' * . ' 

2 ^ 9 
- 1 ft = 0,09*29 square meter (m ) '-^ » 

Volume '* * ^ > * ' 

• 3 3 * ' . . ' . ^ 

1 ft. = 0.0283 -cubic meter (m ) ' ' • 

' Mass y ; • , * * ' , =r J' 

1 lb = 0.453 kilogram (kg) * 

\ *t *^ * 

Mass/Volume (Density ) 

. ^ - . .• ' 

1 Ib/ft^ = .le'.OZ kilogram/meter^ (kg/m^) ' " . , 

Temperature. . ' ' ^ 

, • , J " ' " 

degree CelsiusM''C) = 5/9 CF - 32) . • , - '* " ' , 

V»lume/Time (Flow) . , ' , ' 

1 cfm = 0.00047Z meters/second (m^/s)* ' - , 

Velocity - - ' . ^ \V . . 

1 feph = .0.447 'meter /second (m/s)' * . - ' » 

• puantity of Heat - ^ ' T*^ • 

1 Btu = 1055{87 joiile. (J)- - ' ' , 

Thermal Resistance * ' ^ " « c ' 

1 "^F h ft /Btu =^0.176 square meter degree Calsius/Watt (m i.'^C/W) 
* exactly 



X 
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Two k^y sire considerations are the siting of 



^ building 

sun and 
ds, Land- 



, to promde favorable window orientation to the 
favorabli^ window orientation to prevailing wir.( 
scaping c^ also improve window performance. Shade trees 
can seasonally, control direct radiation from the sun; 

\ * I 

ground surfades can* control reflected radiatio:i; planted 
ground cover can moderate air temperature; and 



windbreaks 



jin diminish the force of the "wind , 



In general, tfhere are iwo advantages to improvii^g window 



performance through site design. First, adverse ""c^im^ tic 



\ I 

forces are moderated at* a distance.'* Residual forces are 
then dissipated before ertcountejing the windows. Second,, 
cliiiatic moderation is likely to improve the performance 
of adjacent walls and roofs, "^as well as windows. 



The effectiveness of improving . the iSfergy performance of 
windows, through s-ite design is apparent if heat-gain/heat- 
loss calculations are -first computed with unadjusted" regional 
climatic -statistics, then recalculated considering'* tha^ ' * 
tempering, of sun, wind and ^ir temperature ^ossifcle through 
site design. ^ The site-moderated ^window performance should 
be the basis for making trade-offs in window design. u 



1.1 . . WINDBREAKS/ Air Tightness, Insulation; Ventilation 



STRATEGY; 



'Install a fence and/or row of trees or shrubs as> a wind barrier 
to reduce wind pressjre on windows;' . ' , • * 



PHENOMENA: 



1) Aiir infiltration through windows can be reduced by di- * ' 
minishing wind pressure by means of a windbreak. The most 
effective location for a ^windbreak is upwind a distance of 
1 1/2 to 2 1/2 times the height of the building'. At this' 
distance, the wind will be deflected up and well ovqr the 
building, reducing the pushing action on the building's 
windward side and the pulling action on its leeward side. 




1)1 A windbreak is-'more effective if it* allows part of the wind 

to penetrate, A solid w.indbreak creates a low pressure area 
/ ^ on its leeward side with resulting strong ^eddy currents. 
The&e may be as destructive as direct wind in eroding the 
still air filpi at the surface of the window. ^ Allowing a 
portion of the wind to pass thrclugl\ the windbreak tends to 
relieve this leeward suction* This is illustrated in the 
following comparison between a solid wall and an open fence. 




Heat transmission through windows can t>e reduced by dij- 
minishing the amount of wind flowing across the glass. 
Glass is a .good conductor of heat and therefore affords 
litfle impediment to heat flow. However, a still layer of 
air at the surface of the glass does retard heat flo^L 
Blocking the^wind will protect this boundary layer of air 
•fr'om the scouring force of wind. The importance ^f qhe 
boundary layer of air i|f ill^usbrated .^Ipelow: 



SULL . 
INSipE 
AIR 



SINGLE 
GLASS 



OUTSIDE 
AiR ' • 




R=.68 + ,R= -.03 + ,R.= 




6,8(0mph) 

25(7.5mph) 

17(r5mph) 



0.72 U VALUE ■ 
1 .04 U VALUE 
1.1 3 U VALUE 



Figure 3. Heat Flow Through Glass vs. Wl^^dj Velocitv 



Prevailing winter windls 'comer from a different direction than 
prevailing suimner winds in much of the U. ^S. ' Therefore, a / 
Windbreak can be placed *to divert winter wind away from a ^ 
building without intefrlEering with summer bire^ze^* < " 



ADVANTAGES:- 



1) , Reduced air infiltration through cracks around windows. 

■2) Reduced heat loss through the glass by diminished wind erobion 
of the insulating boundary layer of air at the glass surface. 

3) PartJLal protection from the summer sun on east and west 
orientation when the sun is low in the sky. 

4) Privacy. 

5) Improved natural venMlation when the windbreak geometry 
funnels breezes. . ♦ ' • 

* ft 

6) Sfiowdrift control (snow will collect at the leeward side). 

7) Slight redue^ion in noise >from sources beyond the windbreak. 



DISADVANTAGES : 



1) Possible need of pruning, fertilizing, watering, and 
insecticides. ^ • ' 

2) Difficult to establish where windbreak is most likely to be 
effective in built-up areas due to complex wind patterns. 



3) Poss^ible increased chance pf burglary when windbreak impairs 
surveillance of windows by neighbors or pedestrians. 



AESTHETICS : 



1) Windbreaks and slirubs c^n improve the overal^ aesthetic 
character of a neigblborhood* ^ 

2) Windbreaks can be used to physically or\mplicitly de'fine the 
boundaries between public and private space. 

i 

3) ' Windbreaks can obstruct distant views* , . , 
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COSTS: 



A three-foot-tall American Arborvitae costs $6 delivered, 
according to a Washington, D, C, nursery. Spaced^ feet 
apart, this amounps to $2 a linear foot,. ' - ^ 

A six-foot-high fence consisting of boards staggered on either 
side of a 2 X 4 costs $33 per eight-foot section (including 
one, post) delivered, according to one Washington, D,*C,,' 
lumber yard. This amounts to, $4, 13 per linear foot. 



EXAMPLES: 



1) George Mattingl/ and Eugene Peters of Princeton University are 
studying the effects of wind on a group of townhouses at Twin 

. Rivers, New Jersey,^ Results from scale models in a wind r 
<\irlnel suggest tliat a five-foot-high Wooden fjence would reduce 

^>..r'L>'' . air^'inf iltratioh 26 to 30 percent; a single row of evergreen 
ttees as tall as the house would reduce air infiltration 40 
percent; ^nd a combination of the two would reduce air infil- 
tration 60 percent. The best location for a windbreak was at 

^ * a distance of 1 1/2 to 2 l/2 windbreak heights upwind from, the 

house. The results of th'e wind tunnel tests are now being 
studied in a ^ull-scale field experiment at Xwin RivQfs, 
(75,Mat,tingly,p37) - (year, author, page) ^ 

2) • Another experiment was* conducted by the Lake State Forest " 

Experimental Station in Nebraska on two identical houses. One 
was fully exposed to the wind, and the other w^s protected by 
dense shrubbery. The exact fu"fel consumption for maintaining 
an indoor temperature of 70° F in each house was measured, A. - 
'savings of 23 percent was recorded for the protected house, 
(63,01gyay,p99) 

Similar results are reported in a study conducted in South 
Dakota, A fully exposed electric^ally heated house required 
443 kWh to maintain an inside temperature of 70°F from January 
17 to February 17, An identical lioVse sheltered by a 'wind- 
ir ^ bfeak required only 270 kWh, The difference in average energy 

requirements for the whole winter was 33,92 percent,, 
• (74,Flemer,p2) . ^ . 

\ • . / ^ ^ 

3) Following the References 'kre twp'wind map^ of the U; S»,'^ 
showing the direction and' mean velocity of wind for' July 

' . and January, (68,ESSA,p73) , ^ \ J^T^ ' 
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1.2 .SHADE TREES/Shading, Insulation ^ - ■ • ' . . 

■ . . , . • 

STRATEGY: ^ '4 * _ * \ 

. ^ • ' ) • • 

^ ' '• ^ , , • - 

, -Elant-deciduoua' trees- ta provide shade in the summer ^vcd admit 
' ^-unlighU in the winter. -Plant' evergreens to provide shade in 
the suirarfer and to reduce window heat loss to the night sky in 
the winter. 

PHENOMENA: ' ' * 

1) Deciduous trees provide shade in su\raner, then fose their \ 
' Leaves and admit sunlight in the winter^ A treershaded, 
g south-facing window receives less solar heat than an unshaded, 

north-faciAg window. (The north window receives diffused 
radiation from clouds.) This solar protection increases 
continuously throughout the summer, as shqwn below. 
. .(65, Forest Service,,p77) 

. TYPE OF FOREST PERCENT OF LIGHT PENETRATION 

- April May 



Evergreen ^ ^ v ^ 
Deciduous. ' 1 / KWl \ 23 




2) Trees^^ot only reduce window heat gain by^blocking direct 

aunlight penetration but also by lowering the ground -surface 
temperature. In a test conducted at Indiana University, "whe'n 
the air temperature' was 84° F, concrete exposed to the sun was 
108** F while concrete shaded by' a m^le tree was 'only 88° F. 
t'7'5,FEA,p3) The heat gain through a tree-shaded window is 
. theref.ore diminished both by reduced heat ra^iiaXion from the 
g^'ound and CQrrespondingly cooler air 'f^ippei^atures.' 



3) 



The sun'^s path is lower in the* sky ^ in the winter than "in the 
summer. Therefore the sun's fays may be low enough to angle 
below the branch structure of 'a tree adjacent to a window. 

-9< 





Summer * Winter 
Figure 4. ^ Seasonal Sun Angle vs. Tree Interference 

4) On^a winjter night the outride surface of the window 'radiates 
heat tcrthe terrain and th^ sky..* Thfe winter sky has a much 
colder aVerage temperature compared to Jthe ground which Te- 
^ ^^-^ , radiates' heat, accumulated during the hour? of sunlight. 

An evergreen tree in^close proximity to a window will o"bstruct 
the winter night sky. . The temperature of the tree will approxi- 
ma»te the air temperature* Radiant heat loss from the window - 
to the tree will therefore be^less. than to the much colder 
^ aight sky. Thi^ phenomena' is illustrated by frost appearing 
on open fields "^earlier^ than under trees. • - * ' 



^ -ADVANTAGES: 



1 ' 



1) Reduced sxamer sgL};^r heat gain with only slightly decreased 
winter solar heat.gaiiv^hen declduo,ils trees are usedii' (Trees 
\7ikh foliage, low the -ground ax^M^pecially ^ffective^on 
• east and*^est eApo^sures-^ where ro<lf^%verhangs provide no 
'protection from low angle sunrays^)' 
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2) . Reduced summer solar heat gain and r«aduced winter night-sky 

heat losses with th§i-use of evergreens. 

3) . Reduced or eliminated gla^e fVom the sun and' brighjt sky. 

4) Protection of windows frpm driving 'rain or hail. ' 



DISADVANTAGES : 



1) Required maintenance, including not only fertilizing, pruning 
deadwood, and possijbly spraying to control insects, but also 
removal of leaves- from grounds and r^ainwater gutters. 

.2) Increased likelihood of sform damage jiue either to lightning 
or wind-broken tree limbs. ' . ^ 



^ 3) 'Possibility of. .root blockage o.f underground sewer, pipes'. 
4) Beneficial winter solar heat gain blocke^ by evergreens.' 

• 8 • " 

AESTHETICS :^ . ' ~ -Mv^ '-'^ 



A 



1) . The quality of light under trees is much different from the 

quality of light under a roof overhang. Light tinder a roof* * 
overhang is principally "blue light" diffused from the blue ~ 
- sky. The light under deciduous ' trees is principally * "red - 
light", filtered through' the leaves. This ef feet *1rs .greater 
with deciduous ^rees than coniferous trees. (65, Forest 
♦ . ^ Service, p65) . In addition 'to the difference, in color quality^ 

^ ^trees mAy dapple a window wirthi a, pattern- of sunflecks pene- . 
, * t rating tl\e canopy of leaves or needles* ^his pattern movfes * 
with breezes and /changes density with the seasons .> 

2) Tre^s may be selected for their softness and irregular i*ty or 
r their natural pr pruned shapes to copplement the hard-edged 

geometry of the ^tiuilding. For examl^le, maple and ash provide 
a 'tlrcular ofeOTing in summer arid an ascending open branch 
pattern in Winter. The linden is spherical .also, but' in , 
winter it has a dense, twiggy branch i)atte.i;n. Honey locust . 
- and tulip trees are vertical oblongs in*form, while white oaks 
. are horizontal oblongs^^ Poplars are column-like in shape and 
American elms are vase-shaped. ^ (73\01gyay,p76) ^ 

3) Trees can provide 'sin effective unifying element to a complex 
of buildings. * ' ' ^ ^ 



4) ' Trees can affect the scale of the setting in^which^a building 
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d.s seen. ^ 



COST: 



A Washington^ DC, ^nursery quoted the following prices for 
trees delivered in small quantity (price does not include 
planting). A e'-foot o^k or maple costs $8 to $10. Prices»of^ 
taller trees vary with their growth rate': a 2(J~foot maple 
f costs $707 a 20-foot oak costs $300 to $350. A 6- foot hemlock 
costs $25, a 10-hemlock cosfs $50. 



EXAMPLES: 



Th^ following diag^ram illustrates, thfe calculated effectiveness 
of a sjiade tree on the east or, west side of a house in reducing 
the air tem^elrature in the shaded area. (74,Weatherwise 
Gardening, p32) ... ' . 




•r-'T — \ — r-T 
.3 6 9 t2 .a-6 9 
a.m. p.nri;: 



3 6 9 12 3 6-9 
a.m. . p.m. 

Shaded-West 



3 6. 9 12 3 6 9 
a.m.. • ' p.m. 

'shaded-East/West 



Exposed 

Figure 5. Shade Tree Effectiveness vs. Orientation 
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, 1.3 GROUND SURFACES/Daylighting, Solar Heating 



STRATEGY: 



-Use light-colored ground surfaces to reflect sunlight* into ^ 
windows, dark-coloired surfaces to absorb sunlight>nd raise 
outside temperatures, or planted surfaces to absorb both 

'sunlight and' lower outside 'temperatures. 



PHENOMENA: 



1) Light reflected from the ground represents 10 to 15 percent' 
of the- total daylight transmitted by a first floor window on 
the sunlit side of^ a biiilding, and may account for more than 
half of the total daylight on the non-sunlit side* The^ amount 
of light reflected through^the window is even greater when 
adjacent grouM surfaces are light in color. The following is 
a list of common ground surfaces anji the percentage of inci- 
dent light they reflect. (72,IES,p75) 



MATERIAL 



PERCENT 
REFLECTED 



White paint; (new) 

(old) - 

Snow* (new) 
(old) 
Concrete ^ 
Marble (white) 
Granite 
Brick (buff) 

(dark glazed) 
Vegetation (average) 
Macadam* , . • 



75 percent 
55 
lif 
U 
.55 

45 ^ 
40 " 
48 
30 
25 
18 



Ground-reflected light transmitted through windows strikes the 
ceiling, .This is beneficial for daylighting in two respects. 
First, the light is projected deeper into the room than is 
direct sunlight. Second, ceilings are usually light-colored 
and, hence, reflect light better than darker floors, carpets, 
or furniture.. ' ' v * . 




Grourtd-Reflected Sun 

' Figure 6% CeilinaReflected Ground Light 

Th$ addition of ground reflected light to direct sunlight 
increases the^ ability of a window to provide supplemental 
winte§^he^t. * (The additional light becomes additional heat.). 

DarlS-colored surfaces absorb more light than light-colored ' 
surfaces-, and therefore become warmer in sunlight.- A window 
will radiate less heat in the winter when adjacent , ground 
surfaces are warm. Also,^on a calm winter day, the air 
temperature over dark-colored ground surfaces will be warm, _ 
further reducing window hear losses. 'Conversely, during the 
summer, light-cblored surface^ are beneficial because they 
absorb less light* than dark-coiored surfaces and §re con- ^ 
sequently* cooler. The following is aj'list of common ground 
surfaces and their suplit surface^ temperatures when .the ^ir 
temperature is 84^ F.^ (75,Fm,p4) 



MATERIAL < 

Dark Asphalt 
Light Asphalt (dirty y^ ,, 
' Concrete 

Short grass (1-2' inches) 

Bare ground 

Tall grass (36 ititches) 



SURFACE TEMP. 

124 t 
112 
108 
104 
100 
9b6 



DEV> FROM AIR 

* +40 
'+28 ' 

* +24 
+201. 

+16 . ' 
' -+12 
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4) 



Plant cover absorbs sunlight,'^ yet has ,a lower surface tern- 
'peratute than paving. Evaporative cooling occurs during the 
transpiration life process of plants. The net heat gain from 
the sun is. rapidly dissipated by the enormous surfa6e area of 
leaves. Very little heat is s^6f ed ^in vegetation because^of 
its minimal mass. Night air -temperatures over grass, for 
example, are therefore cooler than over paving. The lower day 
temperatures and lower night temperatures of planted surfaces 
result in less window heap gain and a reduced air conditioning 
burden compared to the situation of having paved surfaces 
adjacent to windows; 



ADVANTAGES:' 



1) Increased daylight penetration^ when light-colored ground 
surfaces occur adjacent, to^windows/ ' 

2) . Reduced window heat loss in the winter when dark-colored 
> ground surfaces occur adjacent to windows. ^ ^ 

3) Reduc:ed heat gain -in the summer, bath day aifd night when 
planted surfaces occur adjacent to windows. Likelihood of 
glare reduced also. • . ^ 



DISADVANTAGES! 



1) Increased light admitted' into the building. When .absorbed, 
the resulting heat is a disadvantage ^n. summer • 

* - 2) Increased likelihood of glare with light-colored ground 
surfaces* . I * • 

« 

' \ 3) Ineffectiveness of ground surfaces to improve the performance 
f of windows several stories^above the ground. 

4) Increased reflection of Sound 'through- windows when hard paved 
; surfaces are used. • ' ^ ^ * 

_^ • 

^ AESTHETICS: ^ ' ' 



Brick, 'cobblestone, asphalt paving blocks, gravel, stone 
slabs, and te^tujped'coS^ete are a few- of many options, whi^ch 
c'an be used in ^"^ui^ti^e of patterns to^ reinforce the geo- 
metrv of a hnilf1-fv>in'c5>Vioma 




me try of a builditi^^ipheme. 




2) Lawn, ground cover, or shrubbery strategically placed to 
reduce the' ground heat and glare adjacent to windows can 
enhance both the view but and provide an attractive setting 
for a'building. r ''l^ ^ . 



EXAMPLES: 



1) T. Kusuda, aX the National Bureau of Standards, measured the 
surface temperature. of five different gr^nd surfaces (bare 
soil, black top, Iqpg grass, sbort graslr and. white paTnt 
over black top) for* two, years. He found that/ asphalt "had an 
average -yearly temperature 8° F higher than /grass. The daily 
, maximum surf ace 'temperatures of the asphalt/paving reached 
140° F, whereas the bare soil seldom exceedfed 100** F* Even 
during the , morning on an average sunnner day, asphalt surfaces 
were warmer than ambient air temperatures,, while bare soil ^s 
10° F cooler than ambient air temperatury^sl Paii>ting the 
aspljalt paving white reduced its su.'face temperature con-, 
siderably, even .during the second y^ar when theV&int had . 
faded. Temperatures of the. painted surface never exceeded 
105° F. The following graph giV^s a'" breakdown of surface 
temperatures of different surfaces by montK. (76, Kusuda, p297) 



140 
120 
100 
80 
60 
.40 
20 
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Pfch Surface 
No 



Surface 



1 Black Asphalt 
. 2 Asphalt Painted White' 
3 Long Grass 
Air < , • 
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Figure 7. Monthly Ground Slirface 
•Temperatures - 
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•2^) Measurements, have been made comparing tempejaturks over Merion 
Blu^, Grass, ^artificial ^uirf arid asphalt pavings [when the air 
temperature >as 90'' F, relative humidity .,40 lpe?:cent, and wind . 
1*1 mph, th6 grass was 100° F, the asphalt pUving UO"" F, and 
the artificial turf was 162'' F. -^It was expebted ithat grass 
would be cooler^, than artificial turf becauselof evapbrative 
cooling. While this was the cas e, thk tempetiaturk difference 
was also inf luenced* by the light^absof><;^ion jpharadieristics of 
the different surfaces. The absorption of sunlighV ^ak,: by 
grass, 78'. 4 , percent; by asphalt, 87 percent; *and^ by- artificial 
_^tur£, 92.7 percent. The grass is therefore cobler, not bnly 
due^to evaporative cooling but also due to the\f act that Ut 
reflects almost three^ times more sunlight than Wtif iciaL ti 
. ' and nearly two' times more sunlight than asphalt\ pavi^ig. 

(71,Taylorvp2-43) The' following figure shows haw miich warmer, 
the air was at various heights above artificial \:urf'\compared 
to Merion Blue Gras^. * • 



> 9 Feet ^ 



5.5 Feet 



3 Feet 



..3 In, 



. 1°F 



3^F 3^F 




30 f ^ .20F- 30 p 



>5 . 



-2 



6 



.9 6 



3 '6 



^ 6 



945 ^ ' -I Q50 



1-150 ^30 

Jime of Day , 



330 

i 



440 ^ 



Figure 8. Air Temperature DifferenceS^etWe.en 

Artificial Turf and Merion Blue Grass ^ 
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3) ^ terrace ^faced in a dark materiaSf^tacing south and east 
on the inside torner of an L-shaped building, is a very 
effective sun pocket. A temperature of 70'' F (21. 1"" C).has 
been recbrded in such a corner ,^ while out in the wihd the 
temperatufe read 30^ F (-1.1^ Q) / (50, Fitch, p97). 
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• M ORIENTATION TO SUN/Solar Heating, Shading 

STRATEGY: ♦ ^/ 

" , * , « * ^ , 

Provide the largest window area o,n the side where the sun 
exposure niinimizes combined mechanical heating and cooling 
needs. 

PHENOMENA: 



1) 



2) 



Sunlight transmission through windows will be a net benefit on 
an annual basis if winter solar heat gain exceeds winter 
window l)eat loss and summer solar heat gain. 

•What percentage of the -incident solar energy a window trans- 
mits for any given day depends upon the angle at which rays of 
sunlight intercept the window and how many hours the window 
receives sunlight; The angle at which sunlight intercept? the 
window affects the amount of sblar' energy' transmitted in two 
ways: by determining the proportion of light reflected, 
absorbed and transmitted;' and by determining the projected 
area of the window measured perpendicular to the rays of r 

ligfit. • . ^ . • . 

The proportion of light reflecteid or absorbed increases 
gradually from the minimum. when the angle between the light 
rays and the glass is 90*" ^up to approximately AS"". There- 
after, the amount reflected or absorbed increases drastically 
until no light i'S transmitted. (See Stratjegy: Window Tilt) 

The projected area is the area^-of a window 4)i||bjected onto a 
plane pei*pendicular to the rays"of ^gh^t. The projected area 
becomes smaller as the angle at whim the, light Intercepts the 
glass becomes smaller. The amount of light transmitted- Is 
therefore reduced due^ to the decreased area exposed as shown 
below* u ' ; ^ 

-A I = Sun Intercept Angle 

Proj. Width = COSZ^ I xActual Width 
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Figure*9. Projected Window Width 



3) How many, hours a window* receives dite^ct sunlight, as well* as 
the angle of the rays of sunlight, is determined by the path 
of the sun across the sky. The ^ath .of the sun varies with 
the. seasons and vdLth the latitude* The summer sun rises north 
of; east and sets north of west! The winter sun rises^south- of 
east later in' the morning, travels in a lower arc, and sets 
south of west earlier iii tfhe ^evenin^* The .further '^north a 
site ist the greater- are the seasonal northerly and s?)u^herry 
shifts of sunrises , and sunsets, the lower the-arc of the sun 
across the sky, and^he more haurs.the sun is-^lbove the horizon 
• in summer and the fewer hour? it is above the horizon in « n ^. 
winter. This phenomenon is illustrated below for latitudes 
42" and 34^ ' (50,AIA,p35) (51, AIA,p2-16) 




June 22 




42°NLat (Boston) 



340NLat. (Atlanta) 



Figure 1 0. Plan View of Sunrise and Sunset 
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9hra. 50min, Winter 



42°N 



14hrs. 20min. Summer' 



15hrs. 16min. Summer 
Figure 1 1< Daily Path of the Sun Viewed Looking South 
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Altitude at Noon, (a 42°N Lat. 
■* (Boston) ' 

Junte22 = 7'lfS5<' 
' Dep 22'= 24.55° 



Altitude at Noon @ 34°N Lat. 
^ (Atlanta) 

- June 22 = 79.45° 
Dec 22 = 32.55° 



Figure 1 2. Daily Path of the Sun.Viewed Looking Ea^t " 
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l^cause of theH lower ^nd more southerly path of ^the winter sun 
"across the sky, a so"uth;-f acing window receives sunlight at a 
more di^^ct angle .and*' for moi^e-4iours of the day than an east- 
or west-facing window^ A south-facing window -receives the sun* 
obliquely at sunr-ise, almost perpendicularly at noon and a'gain 
obliquely at sunset*- By • cc^npar isoh, an east- or west-facing^ 
window receives the sun obliquely and for less tharT half the * 
number of hour^ the sun is above the horizon. A north-facing 
window receives no direct sun in the winter* and, h^nce, has 
only the minimal heat gain frojn daylight to offset conducted 
heat losses. ' * * ' - ^ 



Because of the Higher and more nortlterly path of the summer 
sun- across the sky, a south-facing window gets no direct' sun 
-at sunrise or sunset, and .in the middle of the day the sun 
- intercepts the windows at a glancing Ingle. Tljis results in a 
much ..reduced projected window area with much or the light 
being reflected. Furthermore, the high position of the suipmer 
sun perfaiits modest building pirojections to totally shade the 
window. (While permitting _tbe lower winter sun to penetorate.) 
^East and west exposures receive the. summer sun for more hours 
of the day and^at a more direct angle than so\)th exposures. 
Hence, east and west are more difficult to shade. The nprth 
exposure alj^o receives summer 'sun, but for only a short period 
of the day and at very oblique angles. The thermal conse- 
quences of north-facing windows in the summer are therefor^ 
minimal. The solar gains for the different orientations are 
\ shown below. (76,Kusuda) , ^ * 

i . , ' ^ 

AVERAGE DAIL^ BTU/SQ FT /DAY , 

' < S E or W ir> - " ' 

■ , — : — 

Lat 42° N (Boston-) 
f Jun 22' 7\6 1026 638 

Dec 22 ' 7-57 286 143 

Lat 34° N (Atlanta) 

Jun 22 c 681 1105 681 

Dec 22 * 1050 458 220 

From these values, it can be seen that the further north a 
site ie, the more winter sunliglit the south exposure receiv^fi" 
in comparison to jthe east or west exposures. The further 
south a site is, the less- summer sunlight the south exposure 
receives in coniparison to the, east or west exposq^res. 
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T^refore, .buildings located in southern latitudes should have 
window areas concentrated on the north ^nd south .exposur.es 
(ideally with a. projecting^ horizontal shading device over 
^outh-facing windows) ^to minimize the air conditioning burden. 
To (jfctain the greatest benefit from the ^n as a winter heat 
source, buildings located in north,ern latitudes should have 
_windpw areas concentrated oti the south (with minimal ^window 
^ areas to the north) . ^ 

^ > 

5) The arrangement of 'rooms relative to their windp\iL_o.rientation * 
will determine their natural daily temperature cycle. By - 
'matching the times rooms are likely to be occupied with the 
^ hours they receive sunlight, solar heating can be better 
' utilized and dependence on mechanical heating reduced. 



ADVANTAGES: 



1) Increased wii^ter solar heat gain. Properly sized^^d oriented ^ 
windows can gain more heat from .the sun than they lose l)y con- 
duction."" /75, BeriD&n) This can .translate into reduced^ heating 

COStSr 



2) Decreased summer solar heat gain. Properly oriented and 

shaded* windows can result in a savings in initial cost' and - 
subsequent operation of one ton ^£ air conditioning per 
100 square feet of glass compared to poorly orieuted unshaded 
x^indows'."" ('66,-eallender,p. 749) 



DISADVANTAGES: 



1) JFadilig fabrics due Co ^.exposure to sunlight | 



2) Winter overheating possible with large south-facing windows 
for small rooms within light-weight construction buildings. 

< 

.3) Reflected sunlight from light-colored ground surface© or 

^adjacent buildings may reduce effectiveness of glass orienta- 
. Hion relative to direct 'sunlight'. 



1.-25 



AESTHETICS: 



Properly oriented windows Will T»esult in rooms having a shaded 
character in summer and a sunny, bright character in winter. 

The orientation of a window will detertaine the path of the 
patch of direct sunUght^rojected onto the floor and/or 
walls. The^ patch o^fTSiinlig^jt ma^ be attractive if it spot- 
lights a geranium,* or bothersome if it results in gl^e on a 
work surface. 

The orientation e-f a window will determine whejther the outward 
•view is shaded or f^unlit.' A window oriented to admit the sun 
(evg., south-facing) provides a view of^^e* shaded side of 
outside ^Sjecrts. A windot? on the shad/d ^ide of a btiilding 
(e.g., north-facing) .provides "a view of the sunlit side of ^ 
outside objects. East o» west-facing windows offer i:he advan- 
tage of a view with the light source changing direction 
between morning and afternoon. ^ / ^ * 



COSTS: 



Proper oriei|jfation of windows does not presiime increasing tfie 
^total window area. The issue is the di-^ribution of the 
window .area. Therefore, proper orientation need not result in 
, additional constructioa costs. > 

Proper orientation of windows may even reduce constr^uction 
costs, by min^izing the amount of expensive shading required 
^by adverse orientation, and reducing 'the required capacity of 
the heating and- cooling mechanical, systems. 



EXAMPLES : 



1) The following is a study of the effect of windqw "orientatioii 
on heating 'costs. The> window areas for a conventio\ial house 
in Boston are revised as follows: 

WINDOW AREA IN FT^ 



CONVENTION 
.REVISED 



S 
100 
180 



100 
20 



E 

50 
50 



W 

^50 
50 



TOTAL 
300 
^300 
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.Occupancy was considered to be a family of* tour, lighting J^nd 
► appliance heat gains were considered at' about 20 kWh per3day, 
and room teiftperature was to be maintained at 70^ F (21^ 0). 
Solar data were taken from ASHRAE and outside temf>erature\data 
from the U*^ Weather Bureau. U-yalues fo^ the buildin^V 
envelope were vFHA' minimum: Roof 0*053, walTls 0.085, doors . 
0.65, floors X). 084, \;7indows' 0. 65. ''Air infiltration was 
assume?! at 1 change pB^ hour. 4 ^ 

The conventional house was calculated j:o require ^92 million 
Btu per year from th^ heating system. By merely *shiiting 80 
square feet of windows from the north to the sout^h sides- of 
the house, the heating requirement was reduced to 83- million 
Btu for a -net savings- of 9 million Btu. (76, Bliss, p34) 



0 



T^Jie cooling l,oads resulting, from differen^ window orientations 
have been studied with scale models at the Building Research 
Station at Haifa, Israel. In one experiment, four identical 
models were constructg^d . The walls C9nsisted of light-weight 
zovizr^tSh-VS^vm (5.9 in) thiok. One sid.e cjontaine.d a^cfosed* 
i/indow.* The models were priented so that the windows"^ faced 
each of. the four^ cardinal directions. Before sunrise, the 
inside air temperatures were all approximately equivalent-* 

Four hours- after sunrise, the inside air temperature of the 
east-fac^.hg model had risen B*' C (14.4^ P) above Che outsitie " 
air temperature. 

* € 

The model with the west-facii>g ^indow had the largest inside- 
to-outside temperatute difference.. The diff^renj^fe reached 
11^ C (19.8^ F) in- the afternoon. T 

The models w^^iIa south- arid-^rth-f acing windows sihowed the^ 
smallest inside/,outsidQ temperature differences r'anging from 
3^ to 5' C (5.4^ to 9' F). ^69oGivbni,p201) ^ ' \ 



Measured data documenting the effect of orientation oiv inside 
temperatures of actual buildings werft ^collected iri a study by 
the city of Davis, California, in 1974. The energy reg^jire- 
ments of a "ri^^y ponstructgd but not "yet occupied aparti 
complex were recorded. Thfe apartments were two- and ^tl 
story buildings-^built to coxi^ntional standard's and\or] 
north, soiJth, east, and west. ^ ^ 

, , " . . -x f — 

The study found that 'top floor ajartments facing^^^easfl dr west 
were 'the hottest, reaching^ a t&x;imum of 99f K(37^2'' C) . The. 
same apartment model facing north" or soutWeached a maximum 
temperature of 85°^ F (29.4''*G). (76, Cole, no pages) 
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4),j^The following graph by Vfctor Olgyay differentiates total 
; V*^^ol^ 8^^^ during the cooling season \(ovferhe;5ited period) 

" from total solar gain during the heat l^ng season (underheated 
period) in New York City, (73,oigyay,p58) 



nds/yr 


180- 


140- 






. O 


100- 


c 


^ 60- 


BTU 


20- 




Total Yearly Direct Sunlight * 

^ Total-Direct Sunliaht During 
Underheated Period ^ 



Total Direct Sunlight During 
Overheated Period 



Figure 1 3. Qriehtation vs. Yearly Solar Radiation in New York 
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The most favorable orientation oceui^s where the positive 
difference Xthe solar gain during the codling season subtracted 
from solar gain"^ during the heating season) is greatest* For 



New 



York City this is 17 1/2 degrees east of south. 



5) A study by Samuel M. Berman of Stanford University provides ^ * 
data quantifying the yearly effect of solar en^rgy^on the " 
energy balance of a winciow. Calculations were made for several 
cities ami considered' a variety of window glazing and shading 
options. The" example shown below assumes the window includes 
\ a s&orm sash or is, dou^ble glazed, and that,/during the summer, 
a standard white- window sjfeade or Venetian blind is lowered 
when the window is in synlight. No external shading of the ' 
Window is assumed. The Calculation^ show the amount* of 
■ Indoor climate control energy expenditure due to the window in"" 
KBtu%er square 'foot of window fot the season. , A jjgsitive 
value represents a net energy gain, a minus value represents . 
a nejt energy- expenditure. (75, Berman, p65) > • ' ^ 



SOUTH 



eAskuwest 



NORTH 



Winter Summer ^int 



"ri^MLLAS-FT. "WORTH 
NEW YORK CITY 



+107 
'+71^ 



-41 



inter /S 



ummer Winter Summer 



+48 
+14 



-61 
-24 



+9 
-25 



--34 



41 



V 



The above values, show that the solar benefit in felhe winter 
more than offsets the solar detriment in the* summer for 
south-facing windows in regions with hot skmmers such as 
Dallas, or cold winters like New York, ' Also* noteworthy is 
^ the fact that east and west-facing exposures nearly break 
even. Finall,y, it must be realized that the net gain or 
loss of a window may be advantageous or detrimental, depending 
on the configuration of the mechanical heating and cooling 
systems* 
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1.5 ORIENTATION TO WIND/Ventilation, Air Tightness 



STRATEGY: 



phbnomeJia 



Provide "cross-ventilation*" with windows put jaljignment 
with the direction of the wind to improve oveiaM v^tilation 



1) When window placement oh opposite sides of an interiot space 
' is possible, the building should be orlente.d slightly a.skew tc 
, the direction .of^he wind*. ,When window placement on opposite 
sides of a space is nor possible but placement on Adjacent- 
sides is possible, the building should face directly. into%the 
wind. The reason for this is illustra*ted \n the following 
plan view of window locations: 



Windows on Opposite Sides 




Good Overall Circulation 



Windows on Adjacent Sides 





Gooy Overall Circulation ^LocaM^irculation 
Figure 1 4. Window Location vs. Air Circulation 
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2) ,Froin this fig-ure, It can be seen that if the wind encounters 

an inlet 'and outlet in alignment with its outside 'direction it 
will pass through the intervening -space in a narrowly defined, 
. high velocity stream. Very little ventilation will occur 
. beyond that narrowly defined stream. However, if the wind ds ^ 
forced to change direction in transit between inlet and outlet, 
► a' turbulence within the room will deVielop. A* circular current 
will encompass the sides and corners of 'the foom. The, maximum 
air speed is teduced cpmpared to -windows in direct alignment 
with the* wind, but the average yelocity of air movement within 
the entire sj^ce will be greater. Overall ventilation is 
subsequently superior* 3. ' 

3) Where the building interior is^ subdivided* into a series of 
interconnected spaces, placement of interior partitions can 
provide the disruption of the otherwise straight path .of air 
flow between upwind and downwin'ji windows.- 



i 



ADVANTAGES: 



1) Increased .volume of room ventilation when windows pro.perly 
located. * .^^ ' 

2) Decreased annoyance, from J-ocal high velgcity drafts. . * 

3) Reduced demand fo;i: air conditioning and mechanical ventilStioiv> 



DISADVANTAGES: 



1) Effectiveness unreliable if wind directij 
and subject to wide* variation. 

2) Diminished effectiveness if th€ wind ±h vJtry weak. Ai£" cir- 
culation within a space will be so .disi^ipajted as to^be beyond 
perception. 



F 3) Potential conflict between orientation relative to the \/ihd, 
orientation to the sun, and orientaticin to the view. 

4) Untenable where extreme air or noise pollution prevails. 
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-AESTHETICS: 

1 



»1) Opene4 window may provide pleasant bounds, and smells to« enter 
a room, .providing variation to the quality of the interior. ^ 

2) A^'Strategically directed breeze through a window may be more 
. psychologically ef f ective ' than an eqjual rate pf air change^ , 

^ ' ' per *hour\ ducted through 'a register . 

3) Open windo\^7s generally require insect screens, which affect 
the ^xterior character of the fenestration. ' ^' 



Costs : 



Tiie cost of locating Windows on opposite or adjacent sides of 
an interior space is i>ot likely to be higher than locating the 
same number of windows on^ only one side of the space. 



EXAMPLES : 



REFERENCES: 



The following table illustrates the calcuiated effect of 
window location relative to the wind upon the ^average inside 
air velocities, given as a percent of the outside wind 
velocity; (69, Givoni,p261) 

Wind Perpendicular ' Wind at an Angle 

Windows on _ ^ * ' , 

' opposite sides 35%^ 42%- p 

Windows Qn ^ ' ^ 

adjacent sides 45% 37% * 



Givoni, B., Man, Climate and Architecture , Elsevier Publishing 
Co., New York, NY, 1969. ' • . 

Olgyay, Victor, Design with .Climate ; Bioclimatic Approach to 
Architectural Regionalism , Princeton Unit, Press, Princeton,' 
NJ, 1963. 



1. EXTERIOR APPENDAGES ^ 

The energy "performance of a window ian be greatly improved 

^with external appendages whi^ are parb of the window system 

or part of the' wall or roof system. For example, shading 

can be effectively accomplished by louvered sun screens, 

blinds, 'awnings, brise soleil«, or roof, overhangs. 

Such devices often provide secondary energy benefits in 

addition to their primary function. For example, sun screens, 

in addition to providing shade in the suramet, preserv<^ the 

air film at the exterior surface of the glass, thus ^reducing 

• •• 
winter hea*. losses. External roll blinds, by providing a 

trapped air spac.e, perform similarly to storm windows in 

reducing heat loss in the winter, as welltas affording sun 

pTot'ection in the summer. 

The general advantage of using exterior appendages ts^o improv^^ 
wini^ow performance is that they mitigate climatic problems 
before they enter the building. Also, although to a lesser 
eitent than site strategies, external appendages allow some 
of the residual forces, such as summer solar heat or wintet 
winds, to be dissipated before encTountering the window. \ - 
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2.1 -SUN SCREENS /Shading, Insulation 

STRATEGY: 



Install a screen of mini:i],ouvers outside a wincjow to shade .\ 
direct 'sunlight, yet provide* a view out froin^ii^ide the — 
building. * " ^7 



PHENOMENA: 



1) T|ie effectiveness of a. solar screen iiv shadj-ng a window depends 
on Its geometry and its reflectivity as a material. The 
geometry determines how high the sun must be above the horizon- 
before the louvers block all the direct sunlight. The reflec- 
tivity of the louvers determine how much light penetrates . • 
indirectly by being reflected off the surface of the louvers. 
If the slats have a reflective surface, part of the light 
striking th^ top of one slat will be reflected directly ^ 
through the window and -part will be directed to the underside 
of the slat above, and 'then directed through the window. * 
Thus, highly absorptive surfaces improve the effectiveness of 
sunscreens. The following is an example of the*^eometry^ and 
effectiveness of a sun screen reported by one manufacturer. 
(7^,Koolshade,p6) 
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Profile \ I y 
Angle 

Sun 



Amount -« 

olDirect 

Sunlight 

Blocked Shading 
Coef, 



- L 



-17 Louvers per inch 
(magnified view) 





Ftgure 1 5. Sun Penetration Through. A Sun Soceen vs. Sun Angle 
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1 



.3) 



A) 



The potential heat burden of sUnlight penetrating a sunscreen 
early in the morning or late* in^^e afternoon is small, 
because the sun's inten^ty /Is" diminished at tlvese tiinesr. 
This is due to the increased distance through the atmosphere'' 
which the light must travel. <68 jPennington,p88) This is 
illustrated below. . - 



Atmosphere 





s Sunset 



\ ^ - - - 

Figure 1 6. Distance Through Atmosphere ys.„Sun Angle 



An*^external sun screen ins tailed, close to a window creates a/ 
layer of virtual?.y still aip, thus preserving the layer of >air 
at the surface of t|jie glass. *This benefit results in reduc- 
tion 'in the winter* U-value of a single glazed window with a 
sun'5creen from \A3 to 0. 85 ' (74, ASHRAE,p407) .v (See STRATEGY: 
Windbreak fo^ discussion of air films at the sik^ce of glass. 

a4 external/spin screen blopks a window's 'fexposure. to the * 
wittter night. skjgT K^ich tends- to^ beholder than ground 
surfaces. ^ \ ; ^ ^ --l. v\ 




ADVANTAGES: 






1) 



2) 



Reduced summer solar heat gain t/hi^h .reduces average interior^ 
temperatures as welL as reducing local o^)^erheating on the 
sunlit side of the building. , 

View aryi concurrent shading. Visibility, looking out through 
a sujci'^screen, can be as high as 86 percent as through an 
unpro^'ctec} window. , (75, Koolshade,pl6) The visibility is 
Neatest vhen the sight^ line is parallel, to the angle. 



2-2 

50 



3) Daytime privacy without eliminatii^g the view out.^ 

4) Unobstructed night-time suyveillance*'of building^jnterior 
through windows with sun screens. 

V 

5) Reduced direct and reflected glare. Sun screens block light 
reflected from the ground or adjacent buildings more "effec- 
tively than awnings, roof bvexhangs, or wall fins.* 

6) Reduced heat loss, in winter due tp protection of air film at 
the surface of the window, and due to reduced. heat radiation " 
to the cold night sky. 

7) Protectio.n"of\lass from projectiles thrown by vandals. 
(Replacement of the— sun screen may cost more than replacement 
of -th€*^!bass, but likelihood of injury from breakage is 
greatly reduced.) 

8) ' Prevention of insecx intrusion. Conventional Insect screening 

is commonly a mesh of 16 x 18 per inch. One type.^ sun 
screen is e'quivalent to a mesh of 23 x 2 per inch and, hence, 
is likely to be suitable for insec-t screening. 

9) * May provide solar heating in t:he future. An experimental unit 

is under development which ijj^corporates a sun screen in an air 
space between two layers of" glaas. In^the summer the air 
space is vented outdoors at the top and bottom, and in the 
winter it is vente.d indoo,3rs to" take advantage of the solar * - * 
heat build-ups. \f 



DISADVANTAGES: • • ' ^' 

1) Reduced solar benefit in the winter when sun screens are left 
in place* 

2) No night-time privacy. In the night, the direction o*f trans- 
parency reverses - the screen appears opaque to occupants 
while allowing' 'pKssersby an uninhibited view ir^. For resi- . 
dences, nece ssitates the installation of drapes or blitlds 
for priv^c^^ 

^g^) Inter£ejence with outswing windows. ♦ 

4) Interference with window washing. " < 

5) Impeded^^eferess in the event of^fire. 



AESTHETICS: 



1) ^Louvered sun screens make windows appear blackened on the 
, facade. This increases^ their visual impact as a design 

eleijiertt, " * / 

2) "^ouvered sun screens somewhat darken the view out of a window-v^- 

3) Louvered sun screens striate the view. The direction of the 
visual striation depends on whether the horizontal elements or 
the vertical elements are thicker for a givejou viewing 'angle,. 



COSTS: 



EXAMPLES: 



Prices of louvered sun screens constructed of aluminum hori- 
zontal slats held with twisted bronze wire and finished with a 
black heat absorbing coating^are approximately: 

~ $6,00 per square fo'ot for, large windows, 

$6,50 for smaller windows (less than 4 foot x 5 f oot) * 
$5,00 delivered price to **do it yourself homeowners" ' 

The price of an expanded 'metal sun screen made from a sstamped 
single sheet is lower, --at the expense of reduced transparency. 
The price ranges from $3 to $3,50 per square foot. 



1) 



2) 



The Department of Public Works for Buck bounty, PA, installed 
louvered sun screens on its administration building at a cost 
of $36,000, Annual savings in operating costs were estimated 
to be 35% or $16,283.' Thus, the costs of the sun screens were 
amortized' in just over two years, (76,ACHR,p',29) 



Following the references are photographs of sun screen 
installations illustrate the daytime outside appearance, 
the effect on- vie\^ out from the iriside, and the night-time 
outside Appearance of a sun shade, (76,Koolshade) 
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2.2 EXT^IOR ROLL BLINDS/Slh&ding, Insulatton . 



STRATEGY! 



Install ^xterior roll blinds to provide sun shading in the 
summer and to reduce winter heat flow. 



PHENOMENA: 



-1) Horizontal slats on ar roller at the*head of a window can be 
lowered to provide an opaque barrier to the^summer sun, 
bloclelng both 4irect and^ diffuse sunlight One manufacturer 
reports. up to a 35-percent reduction in air conditioning' costs 
with the usfe of roll^blinds. (76,FroWein,pl) ^ The following 
figure illustrates? the installation of an exterior roll blind. 



mm 



X 




Side Rail 
Bottom Slat 



Figure 1 7. Installation of an External 
- - ■ Roll Blind 




. Housing Box 



Operating Strap 



strap Recoil 



2) 

/ 

3) 



When the slats are in the lowered position but -not yet resting 
one on top of the next, horizontal' slots beMeen the slats ^ 
per/iit^air to circulate through the blind. . • ^ t 

IT .the roll blind tracks are hinged, the entire, lowered roll, 
blind can be projected out from the window during the day to* 
«;provide natural ventilation* concurrent with shading. . 
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4) Light colored roll blinds more effectively keep rooms cooler, 
because the blind reflects incident sunlight and remind copier 
than would be -the case with a dark-colored blind. 

5) During the winter,' When •th'e ^^t\d is lowered and. the 'slats 
rest one on top oftanother, the resulting layer of air trapped 
between- the blind $nd the window acts as insulation. Exterior 
roll blinds provide the most effective insulating air space of 

*^ all the exterior strategies reported, because of the tight 

joints between the slats and* the seal provided at^ the top and 
sides. 'One manufacturer reports the following Upvalues for 



5> 



roll blinds in 


combinatipn with 


various types 


of windows. 


n6 ?ease.v2) 








* 


GLASS TYP'e 


SEASON 


GLASS 


6lAss + 


GLASS + 






ALONE 


. ^ 1/2 X 2" 


1/8 X 1 3/8 








.ROLL BLIND 


ROLL BLIND 








SLATS 


SLATS . 


SINGLE 


WINTER 


1.13 


0.405 


0.568 




SUMMER 


1.06 


0.395 


0.550 


^ 








0.384 


DOUBLE 


WINTER 


0.58 


0.301 ' 


(1/2" AIR SPACE.) 


SUMMER 


0.56 


0.297 . 


6.376 


SINGLE + 


WINTER 


,0.56 


0.297 


.0.37*6 


STORM SASH 


SUMMER 


0^54 


0.290 


0*. 366 



Since the coldest hours of the day occur during the hours of , 
darkness, using a roll shade during 'the night provides increased 
in&ulation during the period of greatest potential heat loss. 
In New York City, for example, 70 percent of the degree-days 
occur, during, hours of darkness. ^ (76,Claridge,p.37) Further- 
more, a lower^ed ro^l bl,ind obstructs a window' s exppsure^to ^ 
.the cold night sky, further reducing heat loss. " 



ADVAJITAGBS: 



1) Shading diiring •^ummer days with the roll blind lowered, and 
unimpeded vehtilation^t night" with the roll blind rolled up 
into the head of the window. ' ' - » 

2) Insulation f ifom winter heat losses *^±th the roll blind lowered 
at night, and unimpeded sol^ar gain througli the 'window with^ thie 
roll blind raised d^uring the day,* - - < • ^ 



3) . Independent control of the shading of each individual window,, 
and ability to partially shade a window in the case of the sun 
striking only part of the window, or wh€re it is desirable to 
shade only a port ion. of a room. 

^ 4) Protection of glass from vandalism and wind storms when shade 
lowered. , ' ^ 

* . ' ' " 

5) Deterrence to burglars ente^ring through windows when shade 
lowered. ^ , r r ^ ^ 

^) Impediment to spread of flames out a window and up the side of 
the building.^ (Metal Roll Shade^s) 

r 

7) Reduction in noise transmission with blinds lowered. One 

manufacturer reporjts a noise reduction from 100 DBA to 60 DrBA 
or a STC value of 40. (Mar 76, Frowein, p. 1) 



DISADVANTAGES: 



1) Slats cannot be tilted Venetian blind fashion to provide sha'3e 
and view; 

/ 

2) Delayed egress in the event of a fire. 

3) ^ Maintenance required for operating hardware, and for slats if 

wooden. ^ . ► 

4) ^ Limited to maximum singlfe span of 12 feet for .Vertical windows 

(less for sloped windows), and' a maximum 'height of approxi- 
mately 10 feet. Large siz^ exterior roll shades should be 
motor operated. 



AESTHETICS: ^ . . - . , 

1) In *the^ raised mode, the slats are rolled into a concealed^ 
•pocket in th^ head of the window.^ 

- * 2) In the lowered mode, a roll blind has the appearance of an''. • 
^ - ' opaque panel with 'horizontal grroves on the facade. They are 

available in colors; fn wood, vinyl, or aluminum; and in 
^s, ^.^^5 I ' . different -slat sizes. 



2c-il 
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3) 



^1 a M , 

In the lowered position where the slats do not yet c^me in 
contact with each other, the effect from the interiors, is a 
series of horizontal slits of light. ^ When the blinds is locked 
down, it appears as a solid ot)aque panel blocking almost all ^ 
daylight. In this lowered moiie, if the frame assembly \ is 
hinged, it can be cranked out like an awning. Ground-ripf lected 
light will illumi\iate the ceiling *of the roomr'^ If" the window 
is above the second floor, the activit^r oo the street or\ 
grounds below can be viewed through the resulting opening. 

. • ■ \ 



COSTS : 



The cost- of k roll b^ind per square 'foot decreases with largW 
units, because mu«h of the cost of manufacturing the unit is 
i^^the roller assemMy. The f ollowingN]^^ices are for a unit \ 
wj^thout installation: (76,Sinnock) . , \ 

$/FT^ • TOTAL $ 



APPLICATION 



WIDTH HEIGHT 



WINDOW 

SL. GL. DOOR 

SL. GL. DOOR 



3"-0" X 3"-6" 10.12 106.26 

6'-0" X 7'-0" 7.'20 302.40 

ll"-.6" X 7'-0" 6.00 483.00 



EXAMPLES : 



1) Roll blinds have been use'd extensively in Europe for several ^ 
decades. Today they are used on approximately 25% of all 
European residential buildings and commercial high-rise 

^buildings. . 

'In the United States, designers have .only in the last three or 
four years began to use roJLl blinds.^ 

Following the references ate two photogjraphs illustrating a 
roll blind viewed frojpa tlH inside and viewed from the outside. 
(76',Froweia) 

2) Because of their eti^ctiveness'in reducing 'winter heat.loss 
^nd sumii\er heat gain, roll blind devices have been included in 

' two recent demonstration energy conserving houses: the Zero 
Energy Hou^e builb by 'the Technical University of Denmark, and 
the NASA Technology Utilization House in Hampton, Virginia- 



id 
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'REFERENCES : 

Claridge, David, Window Management'^and Energy Savings\ 
. Efficient Use of Energy in Buildings, LBL 4411, Lawrence 
- Berkley Laboratories; Berkley, CA; 1976. - 

Fr'owein, Onno J., personal communication^ ROTO- International, 
• Essex, CN,. March 15? 1976. . i * 

Frowein, Onno J., Letter, ROTO International, Essex, CN, March 
17, 1976. ' ^ : . 

Harboe, Knud Peter and Koch, Soren, Zero' Energy House - a 
model in 1:1 , Rapport No. 114, Insitute f or Husbygning, 
' Polytekniske Laereanstalt, Lyngby, Denmark, 1976.^ 

^^SA, NASA Technology Utilization House , Tech. Brief LAR-12134, 

NASA Langley Research Center, Hampton, VA, 23665, 1976. 

# 

^ Fease^, Amrol Exterior Rolling Shutters Conserve Fuel, Provide 
Privacy and Security , Pease Company, New Castle, IN, 1976 

Sinock, Pomeroy, Telephone conversation. Pease Co.,vNew Castle, 
IN, Dec. 14, 1976. ^ ' 

Steuff, Horst, Konstruktive Moeglichkeiten im Rolladenbau , 
Buridesverband* Deutscher Rollade^iherstelle, 516 Deuren, Alte 
Jeulicher St. 105, Postfach ZIO, West Germany, 1971 (in 
German) . - * ^ ' 




Roto International, P.O. Box 73, Essex, CT 06426 
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poto International, P.O. Box 73, Essex, 06426 
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2.3^ ^ ARCHITECTURAL PROJECTIONS/Shading 
STRATEGY : 



Design architectural projectiqns to shad ^'windows f 
sun. ^ 



rom summer 



\ 



PHENOMENA 



1) 



2^ 



3) 



4). 



5) 



Horizontal or vertical plane(s) ' proj ecting out in f^ont 
of ar above a window can be designed Co intercept the 
summer sun, admit' much^ if not all the winter sun, and 
allow a view out. If the plane projects far enough from 
the building a single pr*bjection may be sufficient as in 
the c^se of generous roof overhangs or windows recessed 
deeply between vertical fins. Alternatively, more modest 
projections can be equally effective in shading but they 
must be more closely spaced. 

Ea6t and west-facing windows are more effectively s}ia8ed 
by vertical projecting planes, south-facing windows are 
more* effectively shaded by horizontal projecting planes. 

For shading effectiveness the color of the .projection 
Should be dark to reduce^^he light reflected off the " 
projection and thtough the window. The light absorbed by 
this dark color is converted to heat and then dissipated 
to* the outside ^ir without becoming an ait conditioning ' 
load. A separating gap between the ^shading device and 
the window is important to provide free circulation of 
the air-v to insure this heat dissipation/ ^ 

For daylighting effectiveness the underside af a horizontal 
projection should be Jight colored to reflect indirect 
ground reflected light into the room. ^ 

The further south a building* is located, the more important 
shading east and west-facing windows becomes and the less 
impartant shading south-facing vpndows becomes. This is 
due^;<:o the high position of- the summer sun dn southern 
latitude with the resulting decrease in direct sunlight., 
transmitted by' the south-facing windows.. (See Strategy, 
^-Orientation to Sun) . * 
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ADVANTAGES: 



1) Reduced sumjner solar heat gain, 'if air can circulate 
between the shading device and the window, and' the window 
is completely shaded from direct sunlight the solar heat' 
gain of the window can^be reduced by as much as 80 percent . 
('67,ASHRAE,p.485) ' ' . * ^ - 

2) Reduced glare on work surfaces* adjacent to windows. 

3J Reduced winter heat loss to the sky. ^ - ^ ' 

4) Possible shelter from winter winds with corresponding 
reduction In heat* cond^uQtion losses at the surface of the 
glass and reduction In infiltration. 

5) Simplified window washing where wide horizontal projections 
can secondarily serve as a, working, platform. 



DISADVANTAGES: 

1) Possible impediment to window washing in the case of 
narrow closely spaced shading planes. 

2) - Possible impediment to fire egress in the case of narrow 
closely Spaced sha'ding planes. 

3) Obstruction of vieaA * - 

^ V , * % •'^^ « 

' Increased maintenai;tce. Horizontal planes will collect 
dirt, bird droppings, and ice. 

AESTHETICS: - ' - , 

' > " ' , ' \ " 

. . ~ 1) . A single overhead project ipnu,with .a j-ight colored under- 
V' side will cut off the blue Tight from the s"ky J)ut admit 

the red dt green light of ground reflected light. 

. . 2), - Vertical pl:p3ectip^s from eit^her side^rof the jzindow ^ 
I ^narrow the ^periph^ral view .from the.]w4pLdow. • i • ^ [ ^ 
, ^ , . , ^ , ^ ^ ^ ^ it. ^ * ^ , 

^ ^ ^ ^j^i^^ Deeply rec^'lsed windows afford a f r|f^4' ^iew^^§P| J ' 
^ ; - . . ^ ^ outside x^ith sight lines quickly cut off whetv Che viewer 

1 III moves awkyjErom the^center'of the wixf^ow. '\ff/'' 




4) 



COSTS: 



Closely spaced horizontal Tor vertical planes may begin to 
dominate the viev^ out of a window and in any case change 
the scale of the window* The proportion of the space 
divided by the shading planes becomes as -important as tl^ 
overall window propprtion in determining the aesthetic 
effect of the fenestration. 



5) Horizontal projections can provide a sense or security 
in the instance of floor to ceiling windows in tall 
buildings. ^ 



\ 



Generally, custom design and therefore* not subject to cost 
generalizations . 



EXAMPLES i 



1) ^ The ASHRAE Handbook of Fundamentals (73,ASHRAE,p409) contains 
^ * a table vhicij gives the distance a horizontal projection 

must extend out from .the wall to shade an ^ area up to, 10 Seet 
below the projection from April through September. Projections 
are given for eight orientations and for latitudes from 24 to 
56°N in 8 degree increments. ^ The projections^ are calculated 
for each .hour. . 

2) The following photographs illustrate: 

* ♦ — 

• . a) Closely spaced horizontal shading projections. 

b) Deeply recessed, windows providing vertical .and horizontal 
shading projections. % 

c; Closely spaced vertical shading -p^jfojections. 

...^^^ ' 

REFERENCES: ^ * 

i ^ ' ^ i ■• 

ASHRAE, ASHRAE Handbook of Fundamentals , American Society of Heating, 
Refrfgferation and Air Conditioning Engineers, Inc., New York,— — 
1967 and 1973. * \ ^ * ^ 

Olgyay, Victor and Aladar, Solar Qontrol and Sfca'tiing Devices , 
, Princeton Univ. Press, Princeton, N. 19§7. 



2.4 EXTERIOR SHUTJHRS/Shading. InsulatioprAir Tightness 



STRATEGY: 



Install louvered, operafble shutters outside aSs^ndow to 
provide shade in the summer during the day and reduce heat 
loss and infiltration in the winter during the night. ^ 



PHENOMENA: 



1) An exterior shading device effectively blocking aM 
direct sunlight can reduce solar heat gain thrqugh a * 
window up to 80 percent. . (undated, NBS,p2) The shading 

, performance of closed exterior shutters depends upon how 
well the heat absprbed by the shade itself is dissipated 
/to the outside air. Operable^ouvers adjusted to blo.ck 
the sun but let air circulate improva the shutter's 
ability to keep cJut heat. Similarly,- li^ht colored 
shutters which reflect much of the sunlight rather than 
absorb it are more** effective. ^ (Actual shading coeffi- 
cients quantifying performance could not be located.) 

2) Heat loss through a wffndow with cl^bsed shutter^ is reduced 
because the airspace -between the shutter and the glass 
provides^dditional resistanpe to the* flow offbeat to the 
outside; How effective, the shutter- is in reducing jieat 
loss depends upon Ghe air tightness of the -space- between 
the shutter and the glass. A shutter^with pivoting 
louvers which can be closed is beneficial to this end. 

• -However, eveh louvers fixed in an open configuration-^ — ^ 
reduce heat' loss through the window by substantially ' 
sheltering \he insulating film of air at th||^ outer surface 
# of the glass /rom the scouring action of the wind / and by 
reducing inf iltoration through window cracks* 



AUVANTAGES: 



' 1) Re(fctced sclar heat 'feafn in the summer.. ^ _ . *a * if ^ 

2) Management by the occupant on an'lhSividual basis to ^ 

^ permit . control of shading, light l6vel within the room, * 

, and vifew biit. '-''I _ ' o° ' ' ' ' "! 



3) 'Prq^pisA^ion from rain penet-ration through windows opened 
f or -'\^^t ila t ion . 

',4) Reduced night heat loss in the winter'/ 

5) Protection of windows rrom storm damage, vandalism, or 
. intrusion. 

6^ '^Privacy. 

' • • • 

DISADVANTAGES: 



1) Operation requires reaching outside the window which 
necessitates insect screen or storm sash being mouifted 
inside the window and~Bfeing ^^pena^le. \0 

H / ' . . 

2) Subject to wind damage if not secured properly. ^ 



AESTHETICS: 9 



Shutters are considered by many residential designers and ^ 
apparently the home* buying public, mandatory^ dressing of^ 
windows. Regretfully, the fact that shutters can serve 
valuable energy conserving functions as well as cosmetic 
functions has been forgotten. * If their potential benefit is 
again realized,' perhaps operable shutters will again be an 
option to more home buyers dn the future. 



COSTS: 



Prim'^^f wooden shut t'ers. with fixed open louvers^ are commonly 
available at lumber, yards. A sample of prices in Washington, 
D. C. is %±ven b.elow. . iiardware to make exterior shutters 
operable is not commonly^vailable as such but can be devised 
simply frptn gate hinges. . ^ 

- 15 X 39 inches -$12.00 per pair 

> . , ■> .- - X 47 ~ $15. Oft 

X 51 . $19.00 

X 55 — -— . $25.00 



f I- ' ' t 
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Wooderr shutters with adjustable-tilt slats ^ cbuld not be found 
to^ obtain sample costs. The common interior shutter for 
interior use is not heavy enough construction to be recom- 
mended, for e^erior use. 

Prefinished aluminum shutters .wit]i fixed open ^slats are also • 
available. The following are a^ample of tetail prices ^in the 
Miami are^. '(See EXAMPLES for Wescription^of the types- 
given below-s ) , * ' ^ . ' ' 

^ * • ' ^ ^ \ ■' ' « ! 

I ' ^ ' ~ Bahama §4.25 per sq. ft." ] 

" ' - SarasQta $4;5t) ' ^ 

-.Rolling $5r.00 ' 

- Side-hinged $6.00 ^ 

Vinyl shutters are frequently used to dress windows.' These 
are not appropriate for use as operable shutters if they are 
mglded to be seen only from one side *or are molded with 
continuous simulated louvers with no open space between the ^ 
«lats. 



EXAMPLES: 



'''^ 1) ' Several types of operable shutters are. common in the 

southern regions of the U. S. 'The following are examples 
of various modes of operation and associated generic 
names : , 
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VBahamaShutters 



Sarasota Shutters, 



Rolling Shutter^ 



1 


/. /' 1 


i 










/ 

















Side-hingedShutters^ 
Figure 1 8. • Types of Shutters 



2) The photographs following the ref erences^llustrate * 
installations of Bahama 'and Sarasota ty^es t>f operable 
shutters as seen from the outside and the quality of 
light penetrating a clcxsed rolling shutter as seen from 
.the inside. (76,Wilk) 



REFERENCES: ' , • ' * 

NBS, "Home Energy Saving Tips'** • National* Bureau of Standards, ^ 
Washington, D- C. , undated, • - 

Wilk, James A*, personal comqiunication, Willard Shutter Co* Inc., Miami, 
Fla*, Nov* 5, 1976. * ' ^ 



^ - 
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. ■ Willard Shutter Co., 4420 NW, 35 Court, Miami; FL 33142 



•2.5 AWNINGS/Sbading 



STRATEGY: 



Install an awning with provision for air to circulate between it 
and: the wlndpw to pi^bvide shade without 'heat build-up , * 



PHENOMENA: 



1) ' How well an awning shades a window is dependent on how 

opaque the material is tp both direct sunlight and diffuse 
light from <he sky. The following table gives the trans- 
mittancQS (amount of light penetrating/total incident light) 
• of several common awning constructions: (58 ,0zisik,p463') 

SOLAR TRANSMITTANCES OT AWNING MATERIAILS & CQNSTRUCTIONS 



Material 



Canvas 



Direct 

transmit tance 
0.0% 



Diffuse 
transmittance 

0.0% 



Plastic 



0.25 



0.15 



Aluminum 

(separated slats) 



"0.0 . 



0.20 



Note: 

1. Source: (76,Stolz) See the figure at the end~ of the. 
strategy for an illustration of an aluminum awning. 

2) The surfaces of the awning , exposed to the sun .should be a 
light color minimize t'^ie amount of- sunlight absorbed. 
Sunlight absgrbed by the awning raise its t^mp.erature. ^uch 
of this heat may be transferred to "the window iii two ways:^ 
by radiation, and by raising the temperature of the air 
between tl^ awning and the window. LigUi^colored awning 
•materia^s^^e therefore more ef f ecti^^e beca^ts'e they^ s^tay 
cooler and transfer less heat to 'the window. For example i a 
white canvas •awning- or a slatted, white aluminum awning 
reflects between 70 and 91 percent -of the sunlight depending 
on how clean it is (dirt absorbs light). By. comparison, a 
dark green canvas* awning reflects only 21* percent f and a 
dark green plastic awning reflects 27^ percen't of the suilrr 
. light. * '(58, 0zisik,p466) - ■ ^ j 
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3) , The heat from sunlight absc^^thed a dark-colored fabric 
will buil<f-*up under the^^ming and be transferred to the , 
window unless air is permitted to circulate behind the 
awning. Fabric awnings are commonly installed with a narrow' 
continuous gap between the top of the aWnlng and the wall to 
^prevent hot air from being "trapped under the awning. . 
^ Slatt>ed aluminum awnings inherently provide air circulation 
by virtue of the gaps (ranging from 1/4 inch to 3/4 inch) 
between 'the horizontal ^.slats. 



4) 



In order for an awning to be effective, it must be designed 
to provide adequate coverage of the window area for the 
specific orientation of the window. A south-facing window 
requires only a minimal horizontal projection to be com- 
^pletely shaded all suirimer, all day." An east or west-facing 
window needs an awning which* extends down a^ substantial 
percentage of the window height "in order to provide protec- 
tiori from the low sun angles of early morning or late 
afternoon. In addition, the sides of the 'awning should be 
closed to prevent sunlight from angling in behind' the awning 
on south-facing windows. The follbwing table illustrates 
the suilPit area of glass beneath awnings of various con- 



PERCENT. 




tions in Cleveland, Ohio. (58,02isik,p472) 



OF GLASS ARE2P SUNLIT FOR VARIOUS AWNING CONFIGURATIONS 



ORIENTATION 

r 

■ / 



SOUTH 



EAST 



WEST 



fNote: 
. 1) 



SOLAR 
TIME^ 



WITH SIDE PANELS 



AWNING DROP . 



OPEN SIDES 



AWNING DROP 









0.65 


p. 60 


0.55 


0.65 


0.60 


0.55 


8 a.m. 


4 


p.m. 


4 , 


"8 % 


13% 


'7% 


14%- 


22% . 


9 a.m. 


3 


p.m. 


2 


4 


' 7 


5 


11 • 


18 


10 a.m. 
^7 a.m. 


2 
5 


'p.m. ' 
p.m. 


7 


2 

13 • 


5 

■22 


2 
7 


5 


7 

22 


'8 a.m. 


4 


p-.m. 


) 


7 


15 




7 . 


15 



Solar time approximates clock time half-way across a 
t%afe zone. Clock time at the western extreme of the 
lime zone will- be approximately one-half hour earlier 
than solar time, and clXck time at the- eastern 
extreme of a time zone will >be approximately 'one- 
ha,j|^f hour later- than solar time. \, 



5) 



2) The awning drop equals the distance the awning 

extends dowi^ the window divided by the total window 
height. 

* Si 

The net effectiveness of an awning in reducing , the summer 
solar heat gain of windows is given below for a design 
day representing August 1 at AO degij^es latitude. Heat 
gain is totaled for the period from 8|^a.m, to 4 p.m. for 
the south exposure and noon to 5 p.m. for the west 
exposure. The awnings' have a 70 percent* dro]^ and pro- 
vision to vent air at the top%^ A datk foiregfound is ' I * 
assumed* For a ligfit foreground fee^'heat gain could be. 
as much as approximately «twice the amount sh|)wn due to 
l:tght reflecting up- beneath tl^'I'^awning* (58^0zisik,p474) 

HEAT GAIN THROUGH SINGLE GLAZED WINDOWS WIIS AWNINGS 



ORIENTATION 
• OF 
WINDOW 



TYPE OF AWNING 



HEAT GAI^ PER ^ HEAT EXCLUDED 
100 ,SQ FT. GLASS BY- .THE AWNIHG 
SURFACE, : PERCENT-: 
BTU/PAY BTU/DAY REDUCTION 



SOUTH 



WEST 



No awning 

Hhite canvas awning 
Dark gpreen cai^vas 

awning 
Dark"* green plastic 

awning " 

No awning ^ 
White canvas dyning 
Dark green .canvas 
awning 

prk green iJlastic 
^awning " , 



62 200 
22,p0 

27,700 

35,600 

84,200 
19,500 




0 


>0 




39700 


64 




34509 


55 . 




= 26600 


' k3 ' 




0 


0 




64700 


77 




60300 


72 




49400 


-59 





ADVANTAGES : 
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1) Reduced summer* solar ffeat gain by up to 55 to 65 percent 
.on south-facing win^o\flk and 72* to 77 percent on west- 
facing windows. (58, ^isfk,p475) 



2) ^ Reduced glare. 

3) ^Rain protection for windows opened to. provi4e ventilation. 
4) 
5) 



Unobstructed yi^w out in a dbwnward diirection. 

Removable, in winter ^to let sun 
life^ of fabric awnings. 



sunlightj in and prolong th$ 



i • 



DISADVANTAGES: 



1) Subject to wind damage* 

2) Periodic replacemenC of fabric due to weathering deterio- 
ration* (Canvas: 4 to 6 years, vinyl coated canvas and 
plastic: 6 to 8;<^years) * ' " * . 

3) Reduced effectiveness if ground surfaces and/or adj^acent 
vertical surfaces are highly reflective. 

* ? " , ^ ' * , 

4) HoriMntaX* view. out partially obstructed, view of sky 

' largely or completely obstructed; ' 

^5) Rainwater run-off from large awnings can c^use splash 
^ «. problems ,on the ground. 



AESTHETICS: 

''I 
' " ^' / 

1) Armings are available in a variety of col^s and patterns. 
They^^n be a fright, cheerful addition to an otherwise 
drab fatsadej ^ 

2) .Awnings will drasticaMy darken the building interior by 

eliminating the sun.-.and bright ^ky as two sources of 
illutnination. Any suplight which does penetrate at 
bottom of the window area does not project any d^epth into 
as room* , * 



COSTS: 



In' the Washington, D* C. area the following is' a sample of the 
installed cost of an awiTing covering a 3 ft* b^ 5 ft* Mgh, 
residential' window: ' * ~^ 



MATERIAL 



Painted Canvas 



CONFIGURATION 



No side panels 
w/side panels 



COST OF FABRIC 
AND FRAME 

$60 
$70 



COST, OF. 4 ^. 
FABRIC ^ 
REPLACEMENT 

, $40. 
$50" 



Vinyl-coated - 
canvas 

or vinyl-coate^d 
dacron 



Acrylic treated 
acrilan • 

* Enameled alumioum 



10 ^^'^c^nt more than painted canvas 



20 percent more than painted canvas 

' solid panels ' $100 
open slatted - $120. 



EXAMPLES: 



1) The following example ill^trates first cost savings 
possible with awnings on residential^ windows . Calcula- 
tions are for a room wifth 400 squarfp feet of floor area, 
and two normal-sized, unshaded vn.nciows facing west. If 

c awnings are ifistalled over the ^wo .windows the reduced 
heat load permits the use .of a 3/4 HP motor to drive the 
a/c compressor instead of a 1 HP motor. The smaller size 
, - also permits the use of the standard ll^J^volt electriclil 
service rather than separate wiring providing 220 or 230 
* volts. Thus, the use of awnings saves $60 to $100 in the 
purchase price of the air conditioner and $50 to $100 in 
installation costs^or separate wiring. (Ogden,p4) 

2) An example of first-cost savings possible with canvas ^ ' 
awnings on d commercial 'app-lication is the newly constructed 
Administtation Building at North East. |1issoui;i State 
University. By using an opaque, acrylic awning over the ' 
"Windows, less expensive grXy, tinted "glas^ could be substi- 

« tuted for reflective glass.* and the size of the air condition- 
ing system could be reduced due to the reduced «olar load. 
Operating costs of the heating system as w^l as the air 
conditioning system are expected to be lower (duesiito the 
' winter solar_gain admitted when the awnings are removed)" 
in comparison to reflective glass which rejects sun year- 
round, ^i^v^eller) , , , 



I 



/ , 
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Operating cost savings can be calculated for an example 
"case using the table listed -under rhe "PHENOMENA (number 
5) . White canvas awnings are install(^d'X)n <the west side 
of a house in New York City. (40°~46' lat.) There, are ^ 
six west-facing windows totaling 10.0 square feet. The 
awnings would reduce the cooling load by 64; 700 BTUs per 
day. Assuming an air conditioning system consumes one KWH 
to remove 68?6-BTU^^, 9. 5'^ KWH would be saved. At $0.04/KWH 
the saying's amoui^t ^to $0'. 38, This represents August 1, a 
day when the air 'conditioning load is likely to be greatei^ 
than a day in the beginn|.ng or end of the air ;conditioyiing 
season. However, the amount of daily solar radiation (the 
heat,.aource awnings reduce) in August is actually less 
''than the average, for the period of May through September. 
Therefore, the saving^ calculated for August 1 are a 
'conservative estimate of daily savings ^possible during the 
air conditioning season. 

Following the RE^RENCES is ah example of a roller awning 
used on an of f ice' building, (75,Avery ,pl) and a slatted, 
aluirfinum awning used on'^a residence. (Alcan,^) 

The following are examples of common awning configurations 




REFERENCES: 



Alcan, "Flexalum Awnings" / Alcan Building Products, Cleveland, Ohio, 
* undated. 

: Avery, "Queensland Sunblind", J. Avery & Co. Ltd., 82-90 pueensland 
^ Road, Holloway; Eng3^and., February, 1975. ' \' 

Buckingham, Donald. Telephone conversations, Washington Shade and 
Awning Co., Gaithersburg, Md . , Dec. 27, 1976. ^ : 

CPAI, "The Utility and Distinction of Design in Canvas", Canvas 
Products Assoc. Int., Saint Paul, Minn., 1964. 

^ Glen. Raven, "Sunbrella Outdoor Decorating Guide", Glen Raven Cotton 
Mills Inc., Glen Raven, N. C, undated. (0 * ' <3 ^ 

♦ ^ " 

.Grehan, Arthur, Correspondence, American Canvas Xnstit.ute, Memphis, 
Tenn., July 31, 1975. 

-I, ^ 

Keller, William,;^ telephone conversation, John Steffen Assoc., 
consulting engineers to Ittner and Bauersox, Architects, St* 
Louis, Mo., Dec. 29,- 1976. 

Ogden, J. B. , "Air Conditioners Will Help You Sell Awnings", Air 
Conditioning Dept., RCA Inc., Chicago, 111^, , .undated. .^J^ 

02isik, Necati, and Schutrum, L. F., "He'^tf.Gain Through Wfndows / 
Shaded by Canvas Awnings", ASHRAE Transactions , Vol. 64 'ASHRA|/^ 

Inc., New York, N. Y., 1958., ^ 

, - m 

P.G & E., "Window Awnings Save Energy", Pacific Gas and 'Electric 
Co*, San Fraucisco, Ca. , undated. ♦ , 

Schultz, Kenneth, "Sol^r Shading with Canvas Awnings", Canvas Products 
Review, Canvas Products Assoc, & Int., St. Paul, Mirin., March 
^965. . ' • ^ 

Stolz'; Ivan, telephone conversation, -Aluminum Awning Industries, , 
Stockton, Cal., Dec. 27, 1976. 



\ 
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3. FRAME 



The window 'frame ^an enhance or detract from the beneficial, 

energy attributes Df a window. The material from >7hicb it is'* 

constructed can be insulating or highly conductive of precious 

winter heat "and prone to condensation problems. Weather- ^'^S^ 

stripping between operable sash and the frame can substantially 

impede inf iltra^tiorf through" joint cracks at 6he pe rimeter of 

the window. The perimeter ^aj^ be kept minimal ,by adjusting 

the proportion of the window,* Temperate breezes^. can be captured 

\ \ \ 

» * V \ 

and their flow into a building directed' by the choice of 

operating window type. Finally, the winuer solar hdat gain 

can be increased and suirtiner solar gain rejected by merely 

tilting the window frame, 

y 
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3.1 FRAME VENTILATORS/ Ventilation 
STRATEGY: 

t 

Specify window fcames wi'th a provision £br controlled -afimittance 
of outside air through the frame section into the building 
, interior. • / •V,^ 

PHENOMENA: ' 



' Small openings can be incorporated in the h^ad or sill , section 
of ,tl)e frame to admit fresh air without rain or insect pene- 
tration. A weatherstripi^d shutter can*" provide tight closure 
when ventilation is not desired. * 

- ' ■ ■ ^ N 

ADVANTAGES: h 



1) Occupant control of the ventilation. 

2) Ventilation at window where security or cost preclude * 
operable sash. 



DISADVANTAGES: ' ^ ^ , 

Lack of centrally controlled admittance of .outside adr. 

AESTHETICS: , ' . . 

' ' \ ' " ^ 

A deeper head^ or sill frame section td .accommodate the ventilation 
openings is required. . ; * ' 

COST:. * "f* * ' ^ 

^ Including through the frame ventilation increases the frame 

cost between 15 and 20 percent depending upon ^e unit selected^ 



!Ff7 



^e 



EXAMPLES: . * ' 

Following the references are examples of frame ventilators. 
REFERENCES: 

Kawneer, "Kawneer Has Just Re-Invented the Window", Kawneer Architectural 
Products, Niles ,* Mich. , 1976." 

Roto- International, "Unitas-Dauerluf tung" Roto Intern^P^nal , Essex,^ 
Conn. 1975. ' ' . " 

Wausau Metals Corp., "^uminum Windows and Curtain Wall", Wau^au .Metals 
^ Corp., Wausau, Wise, Jan» 1975. , ^ 



3.2 WEATHERSf RIPPiNG/Air Tightness 



STRATEGY: • ' ' ^ 

\ 

^ Install weatherstripping to reduce air leakage through windows < 
PHENOMENA: • - * - 



1) Infiltration is one of- thfe primary ways thafe energy is 
lost thi^ugh windows. Every three feet of edge of 
operable sash jmay lose as much energy as one square , foot 

^ of glas^. (yA'jProfessional Builders ,pl54) . ^ 

2) Air leakage through cracks only octurs when there is a 
difference l^n air pressure between the in§ride an4 outside 

of the building. There are two fundamental causes of ^ 
this air pressure difference: 1) outside wind induced 
pressure -and or inside* mechanical system, induced pressure."^ 
2) air density difference due to inside and outside lir 
temperature difference. These two causes can tend to) • . 
cancel each other or can be compoundiHig.' - A * 

3) The air tightness of a window" depends upon the irii-tial 
si2e"of the crack between tljg^^frame and' sash necessary 
for the sash to be movable ^d to accomodate fabrication 
tolerances; and upon the change in the cracjc size'^iTth 

, aging due to general wear, 'distortio^' of the frame due 
'^to external stresses transferred' ^t'om the building, and 
shrinking or warping'of the components . ' Air Igakage 
tfirough the perimeter joints of operable sash cfln be 
effectively reduced" with weatSerstripping because of the 
ability arir'weatherstf ip^li^g to arccAmmodate changing 4oin 
sizes . * ' * ^ 



4) 



/ASHME estimates thfe effectiveness o^ weathers trigpirig 
' for various typjes of windows as folios: (65,ASHRAE,p459) 



CUBIC FEET 0f''AIR'INFI<.TRATI0N PER FOOT OF CRACK. HOUR 
' Wind Speed (mph) 



Waod double hung 
^ (averageftit , unlocked) 
non-wea trier s t r ip,p e^d 
we a t her s t isd^w e d 
average rediicfion 



\ ^poorfit, unlocked) 
non-weather stripped 
weathers4:ripped 
average reduction 




10 


15' 


' 20 


25 










21 


39 


59 


80 


13 


24 • 


36 


49 



perceht-ireduction due to weather- 
stripping ^ ' 



69 
19 



111 
34 



154 
51 



• 199 

• 71 



Me^kl -Double hung 
•(unlocked) 
non-weather stripped 
weatherstripped ' , 
aveirage reduction 



r. 

.ADVANTAGES : 
1> 



70 percent reduction due to- weather- * 
stripping ' -\ 

.20 • 47 74 ■• 104 • 137 
6 , 19 • 32 46 . 60 
60 percent reduction due t9 weather- 
stripping " " " 



/ 



Reduced infiltration of outside air on the windward side 
of a building and reduced ItTSTB etf conditioned air on the 
leeward side of a building. / . 

2) Elimination of uncorif oi?table drafts. . • • 

3) Increased resistance to water and snow prentration. 

4) • Improved sound insulation.' • ^ 



r 



DISADVANTAGES: 



1) Deteriorates -from ^physical aging or j^earing. 
ly Canffot compensate for gross fxame distoirtions . 



y 
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EXAMPLES:. 

.1) 



•An^analysis was performed on a -hypothetical five bedroom 
_biingalow with 998 square'Xfeet of floor area, 12 windows 
with a combined area of 221 sq. ft./ two doors with a 
cabined area of 37 sq. ft,. /and 4' inches of insulatioti 
in the walls and ceiling*. The windows were average 
.fitted and had rib-type metal weathersttipping , The 
interior temperature was to be maintained at-70^F. The 
following table summarizes the calculated reduction *in 
^i^t^ heatingycosts duetto we^therstxipping the windows 
of t^ie hypothetical bungalow located' in* various cities. 
The costs have*-heeri recalculated by^the authors for 
natural gas at $0.21 per 100 cubic/feet (Nov 76 price in 
'Warshington, D. C), 1000 "Btu/cubic foot, and a furnace* 
efficiency qf 80 percent^ (52-5-Lund ,p4) 



FUEL COST. SAVINGS FROII IWEATHERSTRIPPTOG 



^ — City" - * 
Washington, t). C. 



NewyYoilk City 

V 




Chici 

Miijiji^apoiis, Minn, 
Grand Forks, N. D. 
W.S. = Veatherstripped windQvjg^J'^^^. 
^rion~W.S. = fion-weatl^erstripp^ 





Fuel Cost- due 
Infiltration 


to 


Total Fuel 
Cost Iff' 1 


.ETegree Day 


s. Non • 

w.s;"" W.S> 


■ —I 
Savings 


Non 


■W.S. ."^7 


4,56]_ 


55.23 19.40 . 


•35.8'3 


■ 149.7.2 


il3".39/ 




63v93 22.47 
^ - t 


^l.,46 • 


173.30 


131.85 


> 6,282 


-76.06 '26.72 


49.34 


.?06.20 

4 


156.86 


'7,966 


96.46 33.89 - 


62'. 57 


261.50 


' 198.92 • 


9,871:.- 


'119.53 41.99 


77.54 


324.03 


24^.49 



> vs. ^^^^ 



"0 



2) The following section th^^biiigfe; a doubly hi^ng window illustrates 
one manufacturer **s weaf?i^:^fe^pping in^,tTi6d,..^ 



-5* 



4 





Window Frame ^ 

Rigid Vinyl Insert 
Pile Channel Weatherstji 
Sliding Sash" 




Figure 20. Cut-away Section of a Weatherstrlppecj Window 



REFERENCES : 



ASHRAE, ASBMS Guide and Data Book ,. American Society of Heating, 
Refrigeration and Air-Conditioning Engineers, New York, 1965. 

\ ' ♦ , . ' 

Lund S., Peterson^ W. T. , Air Infiltration Through Weatherstrippe d ■ 
' - and Non-Weatherstripped \?lndov7s . Bulletin No. 35, University of, 
' Minnesota, Minneapolis, MinrTT w952.' 

Professional Builder, "Stop Housing's Biggest Energy Drain", Professional 
■ Builder , Chicago, 111., April 1974\ . ♦ / ^ 

Tamuifa, G. T., '/Mea'sUrement of 'Air .Leakage Char acj&e^^'is tics o^ 
^ H^..'^ ASHR ^E'Transactions No. nH ASHRAE Inc., 

New -York, N.' Y. . 



3.3 THERhAAL BREAK/lnsulation 



STRATEGY: 



Provide a tj>ermal break in the path of heat flow through metal 
window frames to reduce winter heat loss and summer' heat gain. 



PHENOMENA^: 



J.) ' Aluminum conducts heat 1,770 times bett-er than wood and v 
theref ore^f ers -little resistance to unwanted flow of hear, 
(75,Kern,pA47) This inherent disady^ntage of- metal windoil^ 
frames can oe alleviated by thermaoly separating the inside of 
the frame from the''Outside of- ttie_ frame. There, are presently 
two methods of f)jcoviding a thermal separation: 




a) pouHmg poly-urethaae Jpx ^ slot in the metal. £rame; then"^ 
af ter ,it has 'bonded and set, sawing .away jthe metal*^ 
bridging the slot. ^ ' , " ^^^^^^-X^ 

b) providing two separate frames linked together with a 
rigid vinyl insert, ' 

2) The effectiveness of -the thermal br^ak depends upon the 

insulating valxi^ of the material used and ' the thickness of the 
material in theNpath of ^ the heat .flow. 

An aluminum *frame with a good thermal has a U-value similar to 
insulating glass (1>=T),58) and performs ^substantially 
better than an aluminum fr^me with rlo thermal break. as 
shown below: (76, Kolbishop) 



Frame U-Value . 
2 inch thick aluminum frame - no break U = 1,18 

IL inch thick aluminum^ frdSne - with brealj. U = 0,60 

3) The beaefit of providing a thermal break in the frame is 
proportional to the amount of . f ramj^ area. Thg frame area 
can be as high as 20 percent of total wijMbw area. 
In such a case, if 'the window is glazed with insulating 
^ glass, it important that the ^rame not provide a "short 

circuit" for the heat flow, . A thermal break in the frame 
' prevents this. " ^ 



3-11 



ADVANTAGES: - . 

1) ' Reduction in 'winter heat loss and summer Kkal: gain throilgh the 

^wd,ndow £rame • • ^ ^' » ' , ^ 

• ' f ' * 

2) 'Elimination of condensate or ice forming on the frame except 

in the most extreme cohddtipns. , 

3) ^ Elimination of ^yall deterioration due to run-off from ciond^n- 

s*te, * ^ ' \ 



DISADVANTAGES : 



1) Possible degradation, of the thermal break from sun exppsure if 
the frame' section does fiof.p'rovide protection, 

2) f. Imposition 'o'f stress* on the thermal break if id is bonded to 

bpth sides of.lopg sections^ of aluminum subject ^to wide 
inside/outside temperature differences and extreme summer/ , . 
winter temperature ranges. ' . ^ 

For e3?^ple, the temperature of the 'outef*^frame,, if it is 
anodi^ed a^^^^rk-^tr^nTor , can rang^ from leC^F (ZJ^) when exposed 
to_..3tmii:gfirin the summer to below zero (-17.7^Xon cold ^' ^ 
....---■---'''■^^^ nights. - The frame inside the the^rmal break will stay 

mucrh closer ta room temperature, especially if the window has. 
'reflecti'Ve or 'heat absorbing insulating gj.ass. ^The wide 
^ seasonal temperature range' of the^ outside* section will cause 

it to expand and contract while 'the inner section changes • / 
relatively litfle in length. (76,Hetman)^ Thi§ phenomena 

iptor the ^thernjal break - 



requires the use of a resilJ^t; materia 
an3r a*good bonding agent . ^|6,RocKm) 



ri) .Increased alumin 
' integrity if the 

' tlje two frame pa 



i^Lc 

I 



cross section^ si^-e recjiiited fpr structural 
"'Ymal break ^liows 'free slippage, betwe'en^ ' 



AESTHETIC CONSEQUENCES: 



1) 



2) 



) 



The frame sections can be detailed to obscure t^e thermal* 
break from view or the thermal break caiv be, coToredj to blend ^ 
with the frame. . ^ • • • 

A more massive frame section may be necessary tp accommodate ^ \ 
the. thermal .break and still have adequate structural integrit^^ 
ij^ the thermal break does not bo^d the two sections together 



COSTS: 



The cost^of- inst;alling window frames with a theVmial break depends 
•upon the complexity of the frame. For "simple fixed'glass frame 
sections, |C thermal break adds approximately 10 percent to the ^ 
material cost of the* frame. For openable windows, a thermal break 
will^cost considerably more because there are more frame components 
, and they -must vithst^^and the stresses^^of operation.N ' , 



EXA>IPLES : 



1) A manufacturer has ca^lculated the energy and resulting cost 
savings for' irvstallin:;? windows v^lth a thermal break in a new 

^ office building in Lincoln, Nebraska.* (6,671 heating degree 
days, 1,282 cooling degree day^) "All windows were to be 
double glazed and non-operable. The building had 1,350 sq . 
ft. of inside window frame area. Oil heating with an effi- ' 
ciency of 70 percent was assumed. ^^^^^^ upon an improvement 
in the frame U-valtie _from 1.18 to O.60 it was calculated 
'that* 1,^70 gals oil could be saved. At $0.40*per gallon 
this amounts to $508 saved per. heating season, Additional - 
sayings are expected from reduced air conditioning ,costs^ 
The thermal breek interrupts the conduction, from the sun- 
heafed outside surface of y<^e frame. The additional cost 
I of providing window framed with a thermal break was $1080. ^ 
<^6,K05ISH0P) 

2) ^ The following illus^trations sfeiow how poured poly-ur.ethane 

thermal breads can be included in window frame sections. 




\ 



Neoprene 
Weathir-stripping 



High Structural* 
Strength Polxuretharie-/ 
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3) The following photograph illpstrates the ef/€c4:iveness of a 
thermaL break in 'reducing heat loss through the fra4ne. A- 
piece of dry ice is placed in contact with the ^outside face 
. two window frames. The f frame section to the right has no 
thermal break and ices-up', the frame section on the lef" 
contains a thermal break and doefs not ice-up on, the ^ 
'(76,Devac,p5) ^ 




Devac, Inc., 10130 State HighwayiSS, Minneapolis, Minn. SS441 

• » 
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REFERENCES:- 



/ 



Hetraan, Frank, telephone j/sXl by author, Devac, Ine, ,;^Minneapolis, 
Minn., Dec, '2, 1976./ / ^ . * 

- ' ^' / ^ 

Kern, Ken, The Ovmep^Built House , Charles Scribnsr Sons, New York, 
1975. ~ / 



Kebishop, Peter, correspondence addressed fo autho'^.* Wausau Metals 
Corp., 'Wau.^u,, Wisconsin, • Nov. 24, 1976, , 

Roehm, John, telephone call by author , ' Archi^tecturar Aluminum Manu- 
factiiring Assoc. Chicago, 111*., Dec, 3* 1976. . - 
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3.4 TYPt Ol^ OPERATIONfVentilation, Air Tightness 



STRATEGY: 



Select A type of' operating window co'nsideririg ij^s abij.ity to draw 
. in outside breezes and direct iftcoming air. • 



PHENOMENA: 



L) Outward projeqting casement windows can scoop in and exhaust 
air when the wind is parallel to bhe wall. (55 , Jones jpiT 

' Wind * .' i ' 



) 



Figuj^e 21 . Plan View of Casement Windows _ 



4^ 



.2) 



Top"* hinged, bottom hinged^ center pivoting, arid jalousie 
windows can angle the incoming air stream upward in the plane 
of the sash. (73,01gyay ,plll^ This help^ relieve tlie 
tend^cy of hot air tq stagnate ne^ the ceiling. 





Figure 22; Section TIjjrough Ho|^izontalPl\^tingiWiif^^^ \ ' 



3) 



Double hung windows provide slight v^Uilation^ even on 1 
windless d^ys, 'due to the difference in density^ between warm 
and 'cqol air.- \^en the,'OUtside air is cooler than room /. 
temperature, warm, less-detise ropm air exits out the top y / 
window opening *whilB cool, more dense outside air is, drawn/ in 
through the bottotrt window opening replacing th^ exiting i^rm 
air. If j:he outside air is warmer'than room air they^^t0cess 
reverses. Because ?:his e'ff^ct increases with increasing 
vertical separadion Qf t-he- top and bott'om openings/ tall, 
narrow windows are mo-re ^^f,fective ventilators. ^('74 , Grand jean, 
p211) ' ' , ' . 



Outside • 
Temp. 80°F 




Air Circulation Through Double-Hurrg 
Windows Shown in Section 

horizontally sliding windows with both halves operable may 
provide more circulation of air ih wl^t might otherwise be 
de&d a;Lr spaces. Also, the option of T5penin^ one side, the 
other side, or both affords more " flexibility for furnishing a 
room and more options for the room occupant to direct the air 
flow. 



0 



J- 



\ 



\ / 



/ 



/ 



r3 'f I 



r 
\ 

\ c 



I Both Sashes 
w Operable 



\ One Sash 
Operable 



Figure 24. Plan View of Air Movement Through 

Ho/izonal Sliding Windows' Shown in Plan 
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ADVANTAGES: - * ' ' • ♦ • V. 

1) Mote effective overall. Ventilation of a* room. 

2) , Ventilation during rain'^'poSsible. with out-s^ng awning, iil- 

swing hopper, ^ind jalousie windows. - . * 

^ 3^ 100 -percent of window area isvop^able witf^^ pivojting and 

^ingit^ type windows compared 'tp' a maximum of 50 percent with 
• ' ♦ " ' vertically- or horizontally sliding windows. 

4) Greater- ease in ^indcw, A/j'ashing possible when outside glass 
. • •* surfaces can be reached through opened sash, whea sash can be ' 
pivojied nearly ISO"" , or when' sash can be lifted out of .tracks. 

5X Occupant control. Option to haVe greater ^variation of Foom 

temperature and -^ventilation than likely with tnechanical system 
.alone. ' , --^.^ ^ 

DISADVANTAGES: ' ^ ' . - ^ 



ly Possible wind <ia|iage when opened,- hinged, or pivoting sash 
* catch gusts, , " , ■ * 

2) ^More* parts to-' require maintenance with Vertically or hori- 
^ zontally pivoting ^ash compared to sliding sash.* 

-X 3'^ Possible* entry for burglars by removing glass slats of 
^ jalousie windows*. * ^ * 

- . .•' ' \ 

4) Interference with inside draperies, rolt shades, or Venetian 
blinds with in-swing windows, and interference with outside 
^ sun s.creens^ r.oll blind^s, or canvas awnings with out-swinging 
windows. ♦ - * • .* 

The following table suSitmarizes several of the above advantages and 
disadvantages of window operating types: 
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•V 



V v '* 

• * ' 1 ^ 

* • • * * 
* * ' ♦ ' 


WTNnOW TYPFS ^ 


Ihorizontal sliding ^ 


double. hung 


double hung (Reversed) 


iJ 

3 
0 

u 

. V 

e 
a> 

cc 

o 


c 

u 
C 

o 
S 
o 
« 

a. 


rH 

•3 

•H 

u 

4) 
> 

•a 

u 
O 


! pivoted (horizontal) 


top hinged (out) 


CC 

c 
-s 

0 
iJ 
4J 
0 

jO 


fixed sash 


ialousie 


ADVANTAGES ' * 


> • • 

provides vent opening 








X 


« 

X 




X 


X 


X . 




X 


' diverts' inflowing air upward * ' •* 






I ; 








X 




X 




X 


will deflect drafts 








X 


X 


X 


' X 










offers rain protection while partly open 














X 


X 
* 


X 




X 


screen an4 stornT sash easy to install 


X 


. X 


X' 


X 


X 






X 






% 


cfisy to wash with proper h^^rdware 


X 




X' 




X 


X 


X 




X 




r 




* • - 


* DISADVANTAGES 
























only 50% of area openaVle * 


X 


X 


X 


















dpea»not protect^from rain when open 


X 


X 


X 


X 


X 


X 












inconvenient operation when over an obstructl^on 




X 


X 








X 


X 










» 


— ^ 




X 


4 


X 


X 


X 








presents a hazard if vent low and close to walkway^ 
hard to wash , . . 








X 












X 




■ — s , 

interferes with furniture, drapes, blinds,' etc < 










X 


X 


- X 




X 






screens-=^ronn windows difficult to provide 












X 


X 










sash has to be removed for washing 




X- 




'X 


: — ^ 






X 




m 

X 
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•V • • 

AESTHETICS: 

► ' * • 

1) Subdivision of a winSow to provide operable as well as fixed\ 
portions reduces the scale of the fenestration and may reduce, 

• * dimensions to a more .human scale, - • \ 

• ' ■ , .. ^ 

2) Witl^ a largQ facade, 'occupant discretion in having the win'doj^s ^ 

, closed, -partially open, -completely open will Provide a . • \, 
constantly changing pattern to ^He composition oi the fenes- 
tration. ' ' - \ r ' * \' . 
^ * • . ^ — — 

*3) An op^n window, unlike a ventilation register , delivering 

"processed" air, allows a sense. qf contact with the outdoors, 
both visua-lly, ' Acoustically , »^nd olef actorily . 

4) Horizoiital window meetin§.<>rails must be designed ,with eye 
level, sight-lines, anfl view cons^idered in order that annoying 
view obstruction be avoided. ^ ,c, ' ^ ' 

5) Too much subdivision of- the glaSs area can dist'ract from an 
* '-attractive view, as with* jalousie windows, ' • 



COST: 



The additional cost of selecting the correct but more expensive 
type of window to ventilate a room versus selecting* the least 
exfpensive type of window^ is small relative to ^the total building 
* cost. • Providing' double hung versus single hung results in minimal 
if any additional costs.* Often th^ track and^ separate "^Ash are 
already' exietant, »only the operating hardware need be provided, 
Casen^ent windows are mora expensive^ than horizontally or vertically 
slicing windows but afford complete opening of t^e window area. 
Jalousie are more expensive than casement Windows but afford 100 
percent op^nable area plus rain protection'."^' 

EXAMPLES: ' ' . ^ 



^ An unusual type of operating window^is available which ^can be 
' J hinged at the side like .an in-swing 'casement , or by shifting a 

lever control, hinged at the bottom like an in-swlng hoppei; window* 



. ■ ^ 
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; ' < • k t ^ > \ 

When the sash is hinged at the bottom and the heat register or • * 
'radiator is located below the window the risih^^hot air will be ^ 

directed into the' rodm while" being mixed wit^ a -controlled -amount ' • 
^ of outside fresh, ailr. Drafts are minimal*in this' situation. When 
• the sash is hinged from the. side 100 percent of the windtDW'area is 

available for' air circulation ♦ Washing is facilitated by simpjLy v 

swinging the window into the room in the side' hinged mode. * \ 

• - • • • \ 

The in-swing allows the installation of external storm window^, - V 



insect screen^, solar screens, or awnings. However, it does> 
interfere with interior window accessories, e.g.- drapeicies, Venetian 
blinds, 'or shades as well as limiting the placement .of furniture 
near the window. (75, Architects Journal*, p488) ^ 
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3.5 \VlNDOW TILJ/Solar Heating * 



•STRATEGY : 



Design, w'indows tiljted slightly towards the ground to- reduce 
summer solar heat gain without appreciably affecting winter 
solar heat gain. . > ^ * i 



PHENOMENA: 



1) Reflection of sunlight at tbe surface of gla^s varies 

considerably depending on the incident angle at which the 
light strikes the glass (i.e. the an^le between the light 
ray and a perpendiculdij Line from the'surface of the 
glass as shown in the^ figure below). At- incident angles 




Line Perpendicular to window plane 



Angle betweeti sun a^d 
. window in plan view 

B— Angle between son * • 

and ground plane (Altitude) 

C— Incident angle 

Figure 25. Incictent Angle Illustrated 
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less than 57 sroall changes in the inciden.t> angle have 
little affect 6n the amounts of light) transm^itted or re- 
flected. At incident angles' greater th^n 57^ the amount of 
direct sunlight. reflected increases at ^an increasing rate 
and the amount of light transmitted decreases correspondingly 
(77,Cellarosi) This is illustrated in^the fol3.owing graph, 
(74,Yeilot,p22) ' . . 

' ^ I t ■ , . i \ t 



1.00 r 




' 30 60 J. 

Incident Angle 

Figure 26. "Light Transmitted and Reflected by 
Glass vs. Incident Angle ^ 



r 



\ 
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During the summer when the sun is- liigh in -the sky, the * 
incident angle of fhe sun oti vertical glass is likely tp be 
well aboye For example, atf 42^ latitude at noon on 

Jvine 22 the incident^ angle of* sunlight on a vertical p'land 
of glass ofacing south is 71. AS"". This is ^so far in excess ' 
of 57° that any increase in the incident angle, (i.e. 
^tilting the glas^ outward) will gr^eatly increase the^ aijiount 
of light reflected and reduce the ^solar heat gain corre- * 
spoAdinaly. ^ .:f / * ' ^ 

During the winter, wheji the sun is low in the sky, the* > 
incident, angle of sunlight, on vertical glass is likely to' be 
less than 57''. For 'example, at hi"" latitude, on Dec. 22 at 
noon the incident an^le between the sun and a south-facing 
window is 24.55'' j 'At* this low sun angle,' a sligh^ tilt 
downward to the glass will not appreciably decrease the 
amount of sunlight transmitted in comparisx^ with vertical 
glass* Thus, the potential benefit, of, winter sotar'heat 
gain is n^t appreciably decreased. This seasonal variation 
is illustrated in the follow*ing figure. ' » - - 




Altitude at Noon (§> 42°N Lat. 
\ \ (Boston) 

June,22=: 71.45° . 



Altitude at Noon ^34°NLat. 
(Atlanta) 

. ^ ^ dune 22 = 79.45° ^ 
Dec 22 = 32.55°* ^ 



Dec 22 = .24.55^ 
Figure 27. Seasonal Sun- Angle Variation For Two Cities' 
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3) 



' From the previous' figure it"* can also be seen that closer . 
to the etiuator (e,g.^ SA'^N latitude) ''the sun i's higher, 
in the sky in both summer and winter. Thus, iegs tilt 
of the window is 'required to achieve the same reduction i 
in summer sun transmission as is possible with more ' 
;tilt"in more northern latitudes. 

(^'^The amount ;of summer sunlight* transmitted through a. 
. tilted window is not only recTuced because more of the 
light is reflected but it is still further reduced be- 
cause the horizontal outward projection of the ^tilt also 
reduces the area of glass exposed to the sun. The geometry 
is the same as if there were a horizontal projection 
shading, vertical glass. This shading effect becofees 
negligible in the winte^ when the- sun is at a lower angle! - 
in the sky. . * >f 



/ 




- Exposure of 
. Vertfcal Window 



✓ 




Exposure of * 
Tilted Window 



Figure 28. Glass Exposure to SuniShown in SectionView 



ADVANTAGES: 



7 



1) Reduced suiraaer solar heat gain without obstructing view 
« out. *. * * \ " 

.2) Little reduction of winter solar heat gain. 



3) * " R^ducxipn in exposure t'o cold winter night skyT' 

4) % No , management of the window required to achieve these 
, effects. ' , • ^ 

5) - Reduced glare. 

> . /' / > 

6) Less prone to soiling from birds. 



7) Protection of opened sash section from rain penetration. 



DISADVANTAGES: 



\) Increas^ed exterior surface area for same floor area*^ 
provides' greater potential heat doss. 

# 

2) Not elfective on e^st or west exposures when sun is low • 
in the sky. (The more off of a true N^S.E.W*. orientation 
a building is, the more effect tilting the glass wi<Ll 
have on increasing the incident angle for the easterly or 

^ w^terly exposures.) 

3) ' Reduced effectiveness when aground surfaces are reflective. 



4) 



Dust more prone to collec^tijig on inside surface of the 
glass. » 



5) Washing tilted windows may be paarfe diffidult than washing 
vertical' windows. ' • * 

6) Stronger roll blinds required for non-vertical windows 
because^the slats, when not vertical, may tend to bow 
from their own weight. 

* 

n 
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AESTHETIC CONSEQUENCES: 



1) 



2) 



3) 



During, the day the projection .of a building outward 
towards an observer may instill a sense of overbearing 
dominance. The effect during the night will be minimal. 

The greater building perimeter at the top of the windows 
compared to the base of the windows results in c greater 
expanse of ceiling which may give a sense of ^spaciousness. 
However, there is no increase in floor area. 



Installation of draperies will result in an odd 
ship between the "hang" of the dvapes and the si 
the glass. With venetiaft blinds, the slope may 
operating difficulties. 



relation-* 
ope of 
create 



COSTS: 



Tilting the glass increases the area .of g 
height of window opening. TJiiS will incr 
the installation costs'. ' ^ > 




lSs for a given* 

-the material and 



EXAMPLES: 



4 



1 



1)4 The North Carolina Blue Cross\and Blue^ Shield Headquarters 
• in Orange Cdunty, N. C. is oriented with its long axis 
running east/west with ^sloping\ reflective" glass oh the. • 
north and south sides tb redupe summer solar heat 'gain. 
\^nd acceleration was a concem\ during the' design stages 
but w^^d tunnel- tests showed no \adverse wind conditions." 
' Air cond|r$ioning costs are said \o be significantly 

reduced- as a result of the shape qf the^building and use ^ 
..of reflective,gl^zing. t71,P.A. ,pl-29) ' ^ 



' ^ Libbey-0wens-For5 Co, / 8H Madison' Ave. \ Toledo, Ohio 
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2) In the Tenipe Municipal -Building of Tempe, Arizona the 
^ glass slopes at 45 degrees to similarly act as its own 
^sunshade and reduce heat gain^by reflecting sunlight due 
to the* increased angle of incidence. Heat absorbing 
glass and draperies are used to further reduce heat gain, 
The area immediately behind the glass is isolated from; 
offices and x'he heat that does penetrate is carried away 
by the air handling system* The end result is that only 
18 percent of the available solar heat reaches the V 
occupied areas of the building. (71, P .A. , pill) 



r 



- 5 




City of Tempe, P.O. BOiC '5002, *Teinpe, Ariz. 85^81 
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Dulles Airport Terminal Buildiyig in Fairfax County, 
another example. The glazing /tilts outward, consistai. 
with the formal lines of the building, providing effect 
solar^heat gain reduction. The long .tilted sides are 
orierited 'facing south and north. East and west sides are 
T^rtical to facilitate future building expansion, • 
Untinted single pane glazir^ is used y/ithout any intei;"nal 
draperies, sl^ades or blind? 




Robert Wehrli, Arch. Research, Sect- , NBS, Washington, ^5.0- 20234 
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Robert Welj^li, Arch^Resea»ch Sect./NBS, Washington, D.C, 20234 
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3.6 SIZE, ASPECT RATIO/ Air Tightness 



STRATEGY:' 



Proportion windows so they approach a square- 'and use. f^wer but 
cprrespondingly larger window to minimize window perimeter, 
, thereby reducing the potential for infiltration. 

' PHENOMENA: , 4 ' - 

1) Window infiltration occurs at three joints: 

«^ a) the perimeter joint between the frame, and the wall. 

• b) the perimeter joint' between the sash and the frame. 
\ 

c) the perlmete'i^J o in t between the glass , a^d. .the sash. 

Ins.ulating glass conduction losses are greatest at the 
^ perimeter where metal or glass edging bridges the in- 
sulating air space. . ? " 

^ 2) It is possible to decr^se the perimeter of a given area 
„ . of window merely by making it l^loser to a square^ in 

- proportion. As can be seen in t^e following figu^, less 
perimeter occurs for any given area the smaller the width 
to height ratio is. Also the smaller the area, the mare 
pronounced this' phenomena is. 



X 



J 



1:1 1:2 1:3 1:4 1:5 . 1;^ 
Figure 29. Aspect Ratio 



. . 3) * Regardless of the size of the area, the amount 'of perimeter- 
for any given area increases at an Increasing rate up to ♦a 
width to height ratio 1:3. TherQA.fter, the, f mount of , 
perimeter increases at a' decreasing rate /'"Thereafter, if, 
ncm-etiergy criteria dictate a vindow. narrower than a l'-3 .^^«"" 
ratio varying its" slenderness has decreasing energy \ . - 

relevance. , . • * ' , 

* * ' . i ■ • • 

• 4) Using fewer but larger wlndoiws rather, than mor^ but smaller 
windows .reduces the perimeter'^for ' a given win(|f6w area. 
For example,* two square windows each 3 ft. on a side. ' 
^ , * provide a total area of 18 sq. ft. with a;iperlmeter of 24 
* ' ft. ' A single "iiquare window 4.25 feet on a side provides- 
^ the same area but the perimeter ' xs , -only 17 ft. 

ADVANTAGES: e * . ' \ 

1) . ..Reduced potential infiltration due to reduced perimeter ..^^ 
^ " • • . , .V 

2) ^ Reduced conducted heat l<5ss through the edges of insuJ-a^iiHg 
glass. / ' ' * ' ^ 



3) Less time requia^ to Vlean a few large windows compared . 
to many smaller Windows. . " ^ 



4)^ Reduced maintenance' cost of- painting §nd gaulking. 
" ^5) Reduced potfentiaP fpr. water-penetration^ 

DISADVANTAGES : 




1\ Less uniform distribution o£ daylighi^ with a fe^ large 
windows ^comf>a4ed to more winddys -gLaced-at^l^ervals, ^ 

2) Fewer options tor varying the sourcec^ da^^Hifct' 'and natural 
ventilation ,wi^h fewer, but larger *vinddb7s, 

3) Increased physical effort 'required '"ti^^^rat^ large windows 

4) Increased dost for replacement of broken '^iass due ta ' 



v^dels or sto 



AESTHETIC CONSEQUENCES : 



damage 



©8 



1) Larger and ^uare shaped windows may pdpe a problem, if 

- classical propo^ions are dictated ii^. traditional design 
situations. J' • cr-' - * 

2) Larger windows affect the scaie of t*e,|^«Lj^ding. •' ' • 

^3)) ^ewer' but larg^er windows may repalt in * a clearer- delinea^- 
tion of waLl areas and window dreas, * - - 



COSTS: 



1) 



2) 



The total deliver^ cost of fewer' but. larger windows is ^ 
lower. ' : * " ' ^ < 

The costs of^ fran^ng and installing j^er but larger 
% , ^ windows is apt tS be less within cet^fex ranges'.. One 

constraint is the limit of what a carpentej: can** handle. 
Secondly; the. cost of framing the wall , opening, ilicreases 
in -discrete increme^its as the depth of the head^ iacreases 
in nominal incr^ents. \ ' ^ - 



EXAMPLES: 



The figure, below illustrates the proportions calculated in the 
table following' the references for the two . extremedv of : ^ area .= 



1, and. area = 5. 




o 
o' 

in 




1:1 ;. 

P-l =4.00 
P5 = 8.94 



1:2 

Pi =4.24 
P5 = 9.49 



1:3 . 

Pf = 4.62 
P5= 10.33 



1:4 • 

Pl = 5.00 

P5=11.2 



1 :'5 ..-4+t6*" ' 
Pl-= 5^37 Pii=5.72 
P5=12XfP5 = 12.8 



Figure 30. ^ Aspect Rdtiqs-- 



REFERENCES: 



Rehm, Ronald, meeting, Mathera^tits Divi^n, National Bureau of 
Standards; Washington, D. C^. Deq^r^CO, 1976. 



The following table illustl\ates changes in perimeter and perimeter' 
to area Ratios as a function of aspect ratios from 1' to .1 
through 1 to 6 "for areas of 1 through' 5. 



V AREA = 1.0000 ■ 

-ASPECT . WIDTH 



1 X 1.0 



PER 
A. 000 



APER 



PER/A 
4 . 0,00 



.apj:r/a 



1 X 2,0 
1 X 3.0' 
1 X 4.0 . 
l-Tc 5.0 
L x 6.0 *- 



.707- 
,577 
. 500 ■• 

,447 
.408 



4.243 
4.619 
5..000 
5.367 
5.715 



.111 
.376 
.381 
..367 
.349 



4. -24 3 
4.619 
5.000 
5.367 
5.7i5 



• .Ul 
.376 

* .381 
.367 
.''34^ 



.AREA = 2.0000 



, A-SPECT 


WIDTH 


PER 


APER _ 


per/a 


A PER/A 


• 1 X 1.0 _ 


1.414 


5.657 




2 . 828 


1' X 2 . 0 ' 


1.000 


6.000 


.158 


3.000 


. .079- 


1 X 3.0 


• .8is 


6.532 


.532 ■ 


3.266 


.266 


1 X 4.0 


1 :767 


7.071 


.539 


3 . 5.36 


■.270 


1 X -5.0 


.632 . • 


7.589 


.518 - 


3.795 


.259 


-1 X 6.0 ■" 


.577^ 


8-. 083 


.493 


. 4.041 


.-247 



AREA = 3,0000 

ASPECT 

1 X 1.0 



X 2.0 
X 3.0 



1 Z A.O 
1 X 5.0" 
r x-6.0 



AREA = 4.0000 

ASPECT 

1 X 1.0 

1 X 2.'cr- 

1 X 3.0 

1 X 4..0 

1 X 5.0- 

1. X 6.0 



WIDTH 


PER 


APER 


■ PER/A 


APER/A 


1.732 • 


6.928 

* 




2.309 • 






7.348 


.193 


2.449 


. .064 


1.000 


.8.000, 


.652 


2.667 


.217 


.866 




- .660- 


2.887 


.220 ' 


.775 


9% iis, ' 


.635" 


' 31098 


.212 


♦ .707 


9.899 


. 604 ., 


3.300 


.201 








• 





WIDTH 


-PER 


APER 


PER/A 


APER/A 


2 . 000* 


8.000 


2.000 


♦ 


1.414 


8.485 


)223 


2.121 


.056 


1.15? . 


9.238 


.752. 


..2.309 


.188 


l.OOO 


10.000 


.762 


•: f 2.. 500 • 


.. .183'- 


-.894 


10.733, 


.7<§3 


•2. "683 ' 


.183' 


.816 


11.431"' 


.698 


2.858 ■ 


.174 



AREA' = 5 
ASPECT 
1 X 1.0 



.0000 



X 2,0 
X 3.0 
X 4.0 
X 5,0 
X 6.0 



WIDTH 
2 . 236'" 



.581 
.291 
.118 
.000 
.913 



PER 
8.944 

974-S7 - 
10.328 
11.180 . 
"12.000 
12.*80 



APER 



.249 ' 

.841- 

.852* 

.820 

.•780. 



37 



42.0- 



PER/A 
1.789 

1.897 
2.066 
2 . 2^6 
2 . 400 ■ 
2.556- 



APER/A> 



.950 
.168 
.170 
-.164 
.156 



> X 

f 



■4. GLAZING . ^ - 

The type'Of glass installed in the window Will determine 

the amount of sunlight transmitted into the building's 

interior and the ampunt of the building's heat. conducted 

to the ontside. These two factors Will establish the 

heat gain of h^at.loss through «^glass^ for given interior^ 

• < > 

and exterior climatic conditions. Insulating glas?, 
multiple *glazing ^X^'torm^ sash),, and low-emissivity 
coatings are extrejnely effective at reducing the conr 
ducted he§^ flow through glass. ' Reflective or tinted ^ 
glasses are capable of stopping wuch of sunlight: , 
*from'-p^netrating^into the building, selecttYig 
. glass,^ the* orientation of the window, the length and 
severity'.pf the seasons, and t^e heat gain from lighting, 
equipment, and people must be considered.^' For example, 
^clear double gla^s oh a south ^exposure may be effective 
for locations with long severe winters, whil,e reflect^^e i 
single gl^ss may be appropriate for locations with 
long-^ hot^ summers. - ' 
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4.1 ^ MULTIPLE GLAZING/lnsulation 



STRATEGt: 



Install insulating glass and/or storm windows to provide an 
insulating air space(s), reducing conducted heat losses. 



PHENOMEM: 



1) Glass is a good conductor of heat, be it indoor heat conducted 
outward in the winter, or outdoor heat conducted inward in 

, the summer. The high conductivity oiE glass can be appreciated 
J when compare4 to another material. For 'example, glass, as 4 

* , material, conducts heat 9 times better than plywood* This 

rate of heat flow is so great that merely adding layers of 
glasfe in /tontact with each other is of negligible thermal 
, benefit. However, if the layers. of glass are separated by 
air spaces, the path, of conduction is interrupted, and the 
rate of heat flow- is reduced* To traverse the air spaces, ; 
heat must be transferred by radiation and cdnvection. [ . - 

2) ' The .width of the air space affects its thermal perfqrmance. 
. Up to approximately 5/8inch, the wider the air space, the 

greater the reduction in heat flow. An air space narrower 
* * than 3/16 inch begins to be ineffective.^ Across such a 
' 'V* short distance,, heat is readily conducted by -iihe air. At 
the other extreme, iij^easing the*air spac^ width Jbeyond 
approximately 5/8 inc^does not substantially re^duce the 
value below that of the 5/8 inch separation (although it \ 
. can substantially improve the acoustic insulation). This is 
due to. a wider space, allowing the air to circulate freely. 
Air in contact with the warm sheet of glass rises^ air in / 
' . fiontact with the cold sheet of glass se^^tles, and a cyclic" 
. ■ air movement is established. This moving ai# transports the'"* 
_heat from the warm .glass to. the cofd glass. The increased.' 
^ ;heat 16ss due to such convection cjlirrents offsets the 

* * decreased- losses by conduction thr^ough the air. The net 

effect Is shown in the -following '^raph -q^ U-values for 
different air space widths. The upper three curves show the 
combined heat 'transfer rf or ^onyection and conduction for 
three* temperature diff er^ences acii^oss ,the air space. (54, 
Robinson, pll)- J T , / 

/ ■ ^ ' 
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0.5 



temp.diff. 

• conducttDn & convection v. -."^^ 
. — ^ • 



-6f) 
30 
10 



conduction only 



1/2 1 2 , --S 

Width of Air Space (inches) 

Figure 31 . U-Valved Insulation Glass , 
vs. Separation - 



Three layers of glass separated by air spaces are'more effec- 
tive than two separated layers of glass of the same. overall 
width% Triple glazing with two 1/4- inch air spaces has -a 
U-val^e of 0.47 compared to 0.58 for double glazing with a 
single 1/2-inch air space. (74^ASHRAE,p370) Installing storm 
windows over*- double-glazed windows is anather means af 
achieving triple glazing. ♦ / 

The mix, of gases in th^ air space affects the rat^ of heat 
transfer. Fbr example, heat flow t^hrough an insulating glass 
unit (in a 12-mph wind> an outsideTemperature of 28° F'and an 
indoor temperature of 70° will be reduced 14 percent when 
the air space is filled with Krypton^(75, Herman, p33) As 
much as an. 18- to 20-percent reduction in U-value may be ^ 
possible with carbon dicrxide. (75,PRITSKER) , , 

The heat "absorbing and radiating characteristics (charac- 
terized by Khe fermed emittancfe) of the two surfaces of glass 
facing toward thei air space will affect the rate at wl}ich heat 
is radiated across &he cavity. A coated film, such-as tin 
oxide or indium oxide, *or pure metals, such as *gold', silver, 
or copper, applied to "either of the glass surfaces facing the 
c'avit!y reduce the heat transfer by radiation. E^camples of -the* 
effectiveness of ^uch *coatings is given in the following table 
^(74,ASl}RAE,p370) ' . , ^ ^ 

4-2 ^ ^ . 



Type of Insulating Glass ' Winter 'U-value 

(1/2" air space) 

effective emittance = 0.8 (untreated). . ? 0.58 

effective emittance ==0.60 . . . . . ^^j^ 

, effective emittance = 0.40 i • . 0145 

effective emittance = 0.20 . . 1 0.38 

Note that' the U-value for glass having the' lowest emittance 
^coating Is comparable to uncoated triple glazing separated by 



:ing i< 

two 1/2-^nch air spaces (U = 0.36). (74, ASHRAE,p370) 

Reflective coatings Applied to the insiSe surface of* the outer 
sheet can also reduce the emissivity of the glass surface and, 
hence, reduce the radiation acrpss the air space. A highly 
reflective glass can thus reduce the U-value* to as low as 
0.29. -(77,PPG,pl5) . 

The benefit of such Qoatings in reducing 'winter heat conduc- 
tion outward must be ^balanced against a loss in daylight 
transmittance and loss of natural solar heating and illumi- 
nation.^ ^ - • ' , 

Too ^reat a^ difference between body temperature and- the 
temperature of nearby 'surfaces results in ^ high rate of 
radiant heat loss and resulting discomfort. A study in 
England indicates t-hat people in a room feel uncomfortable 
near surface* haVing a temperature 8** C,(L4.4** F) above or 
below the average temperature of all other ^surrounding sur- 
faces-^ (75,McIntyre,p6) Because the heat fl(3w is substan- 
tially reduced, the inside* surface temperature of insulating 
gl^ss is much^ closer to room temperature than is 'the ,case with 
single glass, and so discomfort neai? windows is ^alleviated . 
This''benef it is also realized with storm windows. 

In the summer multiple glazing'^educes the amount of heat 
condvc<"Bd from the^outdoors inward. The'U-value for^ summer 
conditions is slightly -lower for single -glass ,' and higher for 
insulating glass, due to changes in' air-space convection at 
higher temperat<ires , because a lower wind speed is assumed. 
However, multiple glazing reduces the amount of sunlight 
transmitted. Because gl^^S/ is not 100-percent transparent, 
some, of the sunlight is absorbed and converted to hejat within 
the glass. This heat is then dissipated to the air at both 
surfaces of the gl^ss and. radiated from both surlf ace's. The 
'heat which is dissipated to the outdobrs is heat witli_which 
the. air conditioning ^jstem never has to contend. ^ 
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shading coefficients are a relative mea^sure ^of . the total solar 
heat transferred to thJ interior. The per^formance of single 
sheet glass (of double /strength) is used; as the basis of 
ccMparison and hence has a shading coefficient of 1. 00..-. The 
shading coefficient of a window with a storm sash or ii;isulating 
glass is' reduced to a/pproximataly 0.90. This can further be 
.reduced by using ^r^fiective or tinted glasses in the duter 
glazing. For 'Sample, heat absorbing glass could reduce the ' 
shading coefficient' to 0.56. (74,ASHRAE,p400) If the outer 
^heet ig reflective glass the shading coefficient is* reported 
' to be as low ks 0.17. (75,LOF,pl9) 



ADVANTA&ES : 




1) Reduced conducted heat loss in winter, both during the night 
and during the day, when the^window can perform as a solar 
collector. * ' ^ 

2) Slightly reduced solar transmission and hence slight .reduction 
in air conditioning load. ' 

A 

3) Improved winter jcomfort. The inside surface of the glass is 
closer to room temperature, 6o it is no longer uncomfortable 
to be near the window. ^ 

4) Elimination of condensate or ice forming on the g^ss except 
in extreme weather. ; 

5) Reduced sound transmission.' (75, Sabine, p . 27) 

6) -Reduced infiltration |)ossi'ble with storm sash. * 



DISADVANTAGES: 



1) Qreater weight compared to single glass windows.' The two 
layers 9f glass make the window nearly twice^ as heavy. This 
makes installation^ more difficult, and removal of sash for 
dleaning more awkward. ^ , , ^ I 

2) Unsightliness, if the seal becomes leaky condensate will form 
t qn the Inaccessible glass surfaces within the air space. 

(Manufacturers guarantees against such leakage for a st)ecified 
period of time.) ^ ^ 

^ % \ " . _ 

3") Replacement' of broken glazing" is more "^costly and time consuming 
• when non-stock- size»s necessitate sp^fci^l ordering. 
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4) No reduction in infiltration by installing insulating glass, 
as contrasted to installing storm«^windows, whiclT provide an 
additional layer to .resist infiltration, 

« * ' • 

5) Increased likelihood of thermal ^breakage due to the higher 
glass temperature in the presence of sunlight, > (Manufacturers 

, recommendations for installation must be caref ull /^adhered ■ 
to.) 



AESTHETICS : 



1) The presence of insulating glass instead of a single pane'^of 
glass is nearly indiscernable visually. A* storm saph, if the 
frame is the same color and is congruent with the underlying 
window, is, unobtrusive but does reduce the setback of the 
glass on the facade, 

2) Low emission, heat absorbing, or reflective glass 'used in the 
outer sheet of insulating glass changes the light transmission 

. characteristics of the window. Various tints may be speci- - 
fied, ranging from grays, to br6nzes.,, The visual and other 
effects of these glasses are discussed more completely in the 
section on reflective glasses. 



COSTS: 



The following is a comparison of glaz'ing costs based 'upon 

estimatea.anr~4Jle_J^a£hingt^on/ DC, area., for sma;Ll quantities^ 
wi^out installation, • * 

Single glazing ' . . . . ^^.^.^ 



Double glazing 

Stotm sash 
Prime window 
Storm sash with frame 

Triple glazing . 

Prime window x ^ 
s Storm sash with frame 



3/16" thick $l,00/ft' 
5/8" ova-rall $4.50/ft^ 



3/16" thick' $1.00/ft-2 
single strength '$2.00/ft 



5/8Z; overall $4.-50/ft2 
single strengtji $2.00/ft 

$6,50/ft^. 
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It should be noted that although there is a substantial 
'•difference in glazings costs Vhen multiple glazing is speci- 
fied, tlie cost of\ thg* total window does not increase pro- 
.portionally. Typically, ,a total window unit consisting of 
" frame, sash, and^ ^^azin^g increased in pri&e approximately 25 
percent for double versus single glazing, and approximately 45 
percent for triple versus single** glazing. 



.EXAMPLES: 



1) A study by the Edison\^ Electric Institute indicates that a 
typical, well-insulated, all-electric, ranch style house could , 
save 3,266 4$:Wh of electricity with insulating glass instead of 
single glass in a clima^te area such as 'Indianapolis (5,611 
degree days). At an electric rate* of $0.04/kWh, this amounts 
to ,$130.64. per year. This represents savings for heating 
costs only. (76,PPG,p4)\ « ' 

2) ^ A 'computer study of tVo Fairf aiTCounty, Virginia, schools 

indicates a 13-percent and\10-percent savings for two buildings. 
'reglazed*with insulating glass. (74,Grif f-in, p67) 

3) A study ,in Sweden calculated the energy savings from triple 
glazing compared to double .glazing. The study was based on 
a hypothetical of f ice- module with other offices^ above, to 
the sides, behind', and belovjr. The glass area was, 2.24 m^ 
(24.1 ft2)." The office was occupied by two peog^^e from' 0800 
to 1600 hours. Their heat output combined with'- electrical 
equipment was assumed to be'OOOW. Ventilation was supplied at 
a rate of 80 m3/hr^-(2825 ft^/hr). ROom^^emperaf ure is kept at 
2!^° ,C (68° F) . The followiTf| table sun^rizes the average 
daily energy saved, triple versus double glass. * 



' (75, Adamsph,pll) 



ERIC • : * " 
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^ OrientatiQji £Mce kWh for Energy Saved ^ 

^ ^ ' ^'0^ double triplfe kWh/yr kWh/yr 

' ' * ^ per-*window »per (ft^) 

^ ^ * North' . Malmo 3490 3290 ^ 200 ^ 89 » (8.3) 

' ' J • Stockholm 4140 3910 230 * 103 (9. '6) 

Lulea 5880 5550 : 330 147 (13.7) 

- ^ East' • Malmo 3110 "2940 ^170 76 ' (7.^1) 

^' ,\ ^ ' £ Stockholm 3770 '3570 % 200 ^ 89 (8.3) 

y:;:h^^^^ Lulea 5400 ' 5120* 280 * 125 <11.6) 

. « — r-r ^^^^ . X ^ , ^ . 

V -^^^ Soutft Malmo 2650 2530 120 54 .♦(5,0) 

Stockholm 3320' 3150 170 76 ' (7.1) 

^ . L^lea ^950. 4710, 240 107 (9.-9) 

, Note: M^lmo:, 6,900v degi^ee days. 

Stockholm: 7,700 degree days. 
Lulea: 1J,000 degree days. ' ^ - 
(77,Hielander) 
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4.2 HEAT-ABSORBING GLASS/Shading. Solar Heating 



STRATEGY! 



Install glass which absor)DS more solar energy than clear ^'lass to 
reduce solar heat gain, . 



PHENOMENA: 



1) Visible light represents only a part of the total^solar j 
radiation. Solar energy at sea level is comprised of / 

♦ approximately 3 percent ultraviolet, 44 percent visible, kfid 
53 percent infrared energy.' (74, ASHRAE,p387)* All of this 
energy i when atisorb^ed,^ is converted to heat. Therefore,* it 
is the amount of total solar energy transmitted which deter- 
mines the amount of heat gain, and the amount of visible . 
light transmitted whith determines the amouht of illumination 
provided. 

1*. 

2) ■ Adding .a metallic oxide to the ingredient^- of glass during^ 

its manufacture increases its absorptivity of visiblg and 
.near infrared solar energy. The greater absorptivity occurs*' 
in the near infrared range. -This charactetistic distinguishes 
heat absorbing glass from glass which is merely tinted. ' 
(73,LATTA,p61) 'This is an , advantage in t^t 'the visible *^ 
light from the sun provides illumination which must .otherwise 
be provided by more heat intens'^ive electric lighting, r 

3) The 'solar energy absorbed by the glass becomes heat which is. 
.radiated and convected to* the outdoors and^indoors .propor^^ . 

tioaa!lr_to the temp'eratu^es,- air movements, and the surface 
characteristics of either sfde of fhe glass, ( if different)"^ 
Unf ortunately , « on a still, sunny, summer day more heat is^^^ 
dissipated indoors because the air conditioned buiJLding 
interiar is cooler. Conversely, in the winter ^re heat is -i 
dissipated to- the outdoors because fhe outside -temperatures 
are lower than the inside temperature., ^The following figure 
shows that heat-absorbing glass is an improvement over single 
glassvbut strill admits much of bhe summer, suns heat. Thp t 
percentages given in the figure* are for an example case and 
will vary as the sun angle varies. (64^, Ulrey,pl68) 
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•100% 
ingident 
Energy 




.100% 
Incident 
"Energy . 



5.3% f 
Refiectfed 



2.4.2% 
Reradiated 



7.4% 
Reflected 



5.1 % 

Reradiated 



V 70.5% Total 
\ Admitted , 




82.3%. 



K Trsinsmitted 



5.2%% 

Reradiated 

87.5% Total 
Admitted 



' F:igure32. Solar Energy Transmission Through Heat-Absortfing 
• "Single Glazing vs. Clear Glass (SUMMER) • 

3) men heat absorbing glas^is used* as the' outer^ sheet of 
glass in double g'^Iazing, its perf orraanceU.s^.sub&tant:iaily 
improved comparedko its use as single- glazing . In orxier 
for^the heat in tl^e glass to*" enter the building it must 
first bridge tKe trapped ait space by radiation and ^ 
convection, be conducted through the^inner sheet of ' 
glass^,, and .^then bej radiated and convecte^ info the build- , * 
ing interior. More heat will* be dissipated to the out- 
side air which is in direct contact with the heat absorbing 
glass. Furthermore, the outward rate of.heat dissipation ^ 
greatly accelei»ate^ af there is any wind. (73 ,LATTA,t>66) • 



incident Solar 
•Radiation 



1'/4" Heaf-Absorbing Glass 




1>4vPi^te Glass 



7% Reflection' 



l50% 
I Absorption 



Transjnission 38%* 



A AO/' Reradiation and Qonvection 



11% 



R,ejected 
51% \ 



" Admitted 
/ 49% 
Figur^ 33, Solar Ejiergy Transmission 

Heat-Absorbing Insulating Glass 
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The following sltatistics are examples of the performauce 
of heat-absorbing glass in single and dxDuble glazing ^ 
conf igur^ions as rep(?rted by. one glass manufScturer 1 
(75,LOF,pl9) Exact values will vary* depending -on the 
composition of the gl^ss. 

PERFORMANCE OF HEAT-ABSORBING GLASS^ 



GLASS " ~_ 


VISIBLE 


tOTAL 


^ SHAD. . 




^TRANSM 


SOTJ^R 


- COEFF. 21 ^ 






TRANSM 


• ■> 


1/4" CLEAJl 


88% 


• ^ 77% 


0.93 


1/4*' HEAT ABS. 


75 - ' 


^7 


0.70 


1'* CLEAR INSUL* 


, 77 


5? 


0.79 


1" HEAT" 'ABS. INSUL. 


66 


3j6 


0.56 . 



If heat-absorbing; double gla^s is installed in a reversi- 
ble sash, the heat absorbing ^sheetv'of glass ca^i face the 
outside in sjumraer to dissipate heat outwa^rd, then be 
reversed in the winter so tHat 'the heat-at>sorbing glass 
faces the inside dissipating its heat into the building* 
The effectiveness of tljis configuration could be even ^ . 
further increased by providing closable vents above ^nd 
below \he heat-absorbing glass. In the winter, during 
the hoiirs of'' sunrlight , the vents could be opened to ^ 
circulate the heated air l^etween the two sheets of glaes 
into the buildirfg interior, Jthen .closed at night to 
preserve the insulating value of the air spa^e* In the 
summer with the sash reversed, the heated air between the 
glass sheets could be discharged to the outdoors further 
reducing the amount of heat which enters the building. 
The following diagram illustrates the effects of seasonally 
reversed sash. 
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Summer 



Winter 



Figure 34. Reversible Sash With Heat- 
^ AbsorbiplaDouble Glass, - 



Ik 



6) ^ Since sunlight absorbed in heat-absorbing glass almost 
f • immediately raises its temperature, the time lapse 

^ between window exposure^^to ^sunligft< and room temperature 
rise i$ very short. Alternatively, with clear glazing 
— most of the sunlight is transmitted through the window 
and absorbed by the walls, flow,' and furniture within 
^ the room. Thus the room temperature rise is delayed^ 

* whil-e heat from the transmitt^ sun is absorbed into the 
mass of these objects. ' (See STRATEGY: . Thermal ^Mass) 

7) "Closed draperies, roJLl shades, or blinds .can reflect 
much of the sunlight which- has/ penetrated heat-absorbin'g 

, glass back at the glass. This double exposure of the 
heat-absorbing glass to sunlight, substantially increases 
the glass temperature. Similarly, when heat absorbing 
glass is used in double glazing, the inner sheet of 
clear glass reflects part of the sunlight back t:o th^ 
outer* sheet of heat-ab'sorbing glass increasing its 
temperature. 'These high' temperatures create large 

• stresses within the glass. 

ADVANTAGES: 



ERLC 



1) Reduced summer solar heat gain largely by absorption of 
non--visible solar radiation and to a lesser extent* by 
absorption of visible light \fhich provides illumination 
and yiew. ' - , ' ' - 
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2) Reduced fading of fabrics due to greater absorption of ' 
' ultraviolet solar radiation compare^*^o clear glasS"/ 

30 Winter solar collection, suimer" solar , rejection with 
"rever&ible, double glazed s^sh \^th clear and heat- 
absj&rbing glass and" provision ■ for operable ventihg at 
.> the top and bottom of the sash. 



DISADVANTAGES: 



1) Partial dissipation of heat to the indoors in the summer 
and to the outside in winter when he^t-absorbing glass 

^ used in single glazing. 

2) Possible breakage of he^t-absorbing glares when drapea or^ 
shades d^avm in, the summer. The strength of the glass 

at the edges is especially tritical in such instances. 

.3) Increased temperature of glass increas^ radiation of 

heat which increases likelihood of discomfort for occu- 
pants near windows. 



AESTHETICS: 

1) Which of ^the many available metallic additive^ are added 
to the ingredients of the glass during its manufacture 
determines the tint it will have. For example, iron^^ 
oxide imparts a bluish green color. Nickel and cobalt 
oxides and sel^iufn |ive a gray bx brdnze tint. (75, 
Architects Journal, pl263) The designer- must' consider 
both how^this tint will alter the -colors' of the building^ 
interior and, ho^ the gl^s color will harmonize witlj 
the other colors of the building exterior. 

< 

2) The' view out through heat-absorbing glass is dimmer than 
tfirough clear glass but brigl^ter than many of the reflective 
glasses. ' 

3) The .thickness of heat-absoi^bing glass will^affect its 
color since tn? tinting is caused by. an ingredient ^ 
dispersed throughout the glass~"rather than occurring ' 
only at the surface as with reflective glass. .This * - 
means that if various window sizes dictate different 
glass .thicknesses for reasons of strength, the color- 
density variation as viewed from the outside, and. the 

, ' brightness va'rJ^ation as viewed from the inside, must be ^ 
considered in the' architectural composition, otherwise^ 
the thicker siz^e should be used throughout r 
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COSTS? . ' . . > 

- . \ • ' ' \ s\ 

Heat-absor^ing glass costs approximately 1/3 to 1/2 more than 
clear glass. - ' , 



The effectiveness of heat-absorbing glass, thougli superfor to 
clear glass in many^ instances , is generally inferior to 
reflective glass for the purpose^of shading solar radiation. 
The following study done in Switzerland compared 'the perfor- 
mance of single- clear, single^ heat-absorbing, and double 
reflective glg.zin^ with plastic, draperies. Six south-west 
facing rooms comparable in every respect were used in the 
*study. Each rpom had lAG'feq^^ft. of floor area with a 9.25 
<t. ceiling height, 102 sq. ft. of outside -wall area, and 46 
sq. ft. of window arga divided between two windows (approxi- 
mate^r^JO^^rcent window to outside wall ratio):. The outside 
aiF--t^mper^tur^e ranged from 20 to 23*^0 (eST-yA^'F) . Avferage 
tbcto air temperatures, and inside glass surface temperature 
were r'eQorded for* Septeniber 10,^11, an4 12 bf '1969. (74, 
Grarajean,p206> < i- 

"Glass ' Room air 'temp> ^ Glass temp. 

Clear 29.9** - 35.4°C ^ . 35.8° - 39.6°C-. 

' -(86** - 96**F) " (97** - 103**F) ' 

Heat Absorbing 28.7° - 32*C 3^.3° - hth^X!. 

(84° --90°?) (101° -'ll5°F) 



Double Refl^ive 23*";- 27**C ^ ' 24° - 34°C ' 
» * • (74'" 81°F), (7^°'-- 94°F) 



The performfitnce of tfie h^-absorbing glass would be better* 
if it were double glaSing as Was. the case with re.flective 
glazing. The room temperatures would be^ less extreme in all 
cases if the building had more thermal mass (the building 
studied was " light-weight .construction); ' ■ V--^'"' 
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4.3 REFLECTIVE GLASS/Shading ^ 



STRATEGY: 



Install glass with a reflective surface to reduce summer 
solar heat gain. 



PHENOMENA: 



1) 



2) 



Solar energy striking a window Is either 
absorbed, or transmitted. By increasirlg 
solar energy reflected, the amounts abs 
mitted are reduced. Solar energy absor 
or transmitted and absorbed within the 
heat. Reflective glass, by increasing 
solar energy reflected at tlie window, t 
the eventualrair conditioning load withi' 



reflected, ■ 
the amount of 
rbed and trans-- 
ed in the glass, 
uilding,* becomes 
he amount of 
erefore, reduces 
the building. 



Reflective glass used as the outer sheet \of insulating 
glass is more effective at keeping out th^e sun's heat 
than reflective glass used as single glazing. This is 
due to the fact th^ reflective glass absorbs more sun- 
light t,han clear>^ass and its temperature rises. When 
this heat is concentrated in the outer sheet , of insu- 
lating 'glass it is moje easfly dissipated to th,e outside 
air, especially if ttere is a breeze. ^ Additionally, the 
trapped air space acts as insulation 'impeding the inward 
flow of heat..* The following table illustrates the 
effectiveness of reflective glass used as single glazing 
and as the outer sheet of insulating glass compared to 
the performance of clear single and double glass. 
(75,LOF,pl9) 



TYPE OF GLASS 



VISIBLE 
TRANSM. 



TOTAL 
SOLAR 
TRANSM . 



SHAD. 
COEFF. 



1/4" clear single 



88% 



1/4" gray reflective single* 34* 

1"' clear insul. ' 77 

« 

1" 'gra> reflec. insul. 30 



77% 
36 
59 
29 



0.93. 
0.60 
0.79 
0.47 
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3) 



The importance of the reflective coating or film occuring 
on the outer sheet of insulating glass is illustrated in ; 
the following figure. (73,LATTA,p60) . 



1/4" Plate Glass 



Incident Solar 
Radiation . 




IncidentSolar 
Radiation^ 



33% Reflection 



1/4" Plate Glass 

/Reflectirtg 
- _ Film 




^transmission 1 6% 

48% ReflectipnSI" , . ^. 

[22%^ AbsorptionxNj 



Transmission 1B% 
14% 



148% Absorption >l\j 
Reradiation and Convection ^.^ ^^oz Reradiation and Convection 



Rejected 
^8% 



a Admitted 
22% 



, Rejected 
71% 



Admitted 
29%^ 



Figure 35. Effect of Film Location 
on Heat-Gain 



4) The use of ''certain types, of reflective coatings on one of 
the sheets of insulating glass can reduce the radiation 
of heat across the air space and hence reduce winter heatt 
losses. The winter U-value,of clear insulating glass^. ^ , 
with a 1/2 inch air space is 0.58 versus as low as 0;28 
for insulating glass with the outer sheet of reflective 
giasa. (76,PPG,pl5) (See STRATEGY: Applied Films.) 



ADVANTAGES: 



1) Reduced summer solar heat load. * ' , - - 

^2)», Reduced likelihood of glare. 

3^ Reduced heat loss in the winter for certain types q£ 
reflectiye glass. 



DISADVANTAGES: 



1) 



^1 

Decreased transmitted solar energy in the winter and 
decreased daylight illumination year-round'.'' ' — ' 
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2) Care required to avoid scratching reflective, coating when 
was'hing windows. -Reflective single glazing frequently 
has fhe reflective coating -on the inside surface of the 
glass^ ' . ' * 

< 3) Caution required in selecting. a sealant to avoid problems 
due to Tack of bonding with rgflecti^e coating of the 
glass. ^ (Single glazing only.) . 

4) , Increased replaceiaent cost in the event of brea^g.e by 
vandals, storm damage, or other causes. (Also true for 
insulating glass and. heat-absorbing glass.) n 

y5) Caution required in detailing the settj.ng of rqflefftive 
^lass' po, avoid thermal br.eakage. The higher solar 
' absorptivity of reflect^-ve glass compared to ©lear .glass 
results in higher surface temperatures, >6specially with ^ 
insulating glass. If the glass is installed in a massive 
- material suoh as concrete, the slowness of the concrete 
• to heat up in comparison tp the 'glass when sunlit will 
result in extreme center to .edge temperature differences 
, * and edge stresses in the glass. One means ef reducing 
these stresses is t*o seat the glass in a rubber gasket. 
The rubber serVes as an insulation/which reduces the ^' 
conduction losses at the edge of the glass and allows the 
edges to be closer to th6 temperature of the center areas 
of glass. It is also extremely iinportant that if glas^ 
must be cut in the field, , special provisions be taken to 
insure a clean -cut edge. .(See aManuf acturer ' s literature for 
instr\ictionS--en cutting glass) 



AESTHETICS: 



1) * Because an outside viewer looks at ,ref lective glass 

rather than through' it distortion is more critical than 
is the case' with clear glass. Trees and clouds, because 
of their solt geometry is less problematic than reflec-. 
m tion of adjacent buildings. Full scale mogk^ups on the 
^ site are' worthwhile for studying the visual appearance of 
reflective glass and whether distortion is bothersome or 
not. (77,Skolnik,p93) . , ' ' ^ 

2) * A reflective glass building may create glare, for^he 

occupants of adjacent buildTings as well as pedestrians 
and drivers. \ 
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3) 



4) 



5) 



"Reflective glazing 'of isolated individual windows may 
appear awkward. Re*'flective .glazing tends to be.mor^ 
'visually effective in expanses, either as a series o 
windows in continuous* band, or a single large area. 

Whete the fenestration carries around a* corner or. occurs 
on opposite sides of narrow parts of a building, sucK as 
elevator lobbies or bridging corridors, building the 
transparency achieved with clear glass is not possible 
with- reflecting glass. 

Reflective glass darkens the view out by virtue of the 
reduction in light transmission. Colors may also tint 
the view as^in the case of bronze or other tinted reflec- 
tive glasses. This darkening of the view and slight ' 
tinting are riot likely to be distracting unless a window 
with clear glass is in the yicind^ty, pr unless the' coated 
surface of .the reflective glass is scratched. 



COSTS: 



EXAMPLE: 




In the^des,ign of the Toledo Edison Buildi'ng the architects, 
along with the glass manufacturer, conducted a detailed computer 
study of^the ef fects_ of a variety of glasses on the buildings' 
construction and operating costs. They selecteid a chromium--* 
coat^ed, du^l-wall insulating glass~which increasej^-fehw^jfrst 
cost of the glass by $122,000 compared to cottv^fitional lV4" 
float glass* (float gjass^has largely replacj 

Howevet, offsetting this first cost of thef glass^was a saVings 
of $123,000 in init^ia costs for the heat 
equipment and ductwork. (A 64.7 per^nt/ 
capacity of the central refrigeration s}-^ 
reduction in the capacit\y of, the centra] 
a- 67.9 percent reduction in the capacity^ 

^system.) -Resulting energy consumption savings were calculated 
to be 729.4 kilowatts per hour which translates to a savings 
in, yearly operating cost of approximately $40,Q00. (73,NBS,p84) 



^nd cooling 
Lon in the* 
1.2 percent,,. 
heAting equipment and 
'the distribution 



REFERENCES: 



American Society of Heating, Refrigerating .& Air Conditioning 
Engineers, ASHRAE^Handbook of 'Fundamentals ASHRAE Inc., 
1974. 
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* * 

|j^suda,, T.. and Ishii, Hourly Solar Reduction l)ata- for the ^ • 
Average 6ays Nat;ional Bureau of Standards', Wash*, D, C«, 1976. 
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4.4 APPLIED FILMS/Shading; Insulation 

STRATEGY: . / . 



^ Apply a reflective or l9w-eini?slvit'y film tp the inside surface 
of giass to reflect sunlight back ou^ a window but let the view 
in. ' \ 



PHENOMENA: 



... ^ 



1) .Met'^^Mc oxides deposited on transparent plkstic films are 
r^vailable which reflect much of the incoming .solar energy 
while st^ll permitting a view out. The shading coefficient . 
t>f' sucK^ reflective films can be as low as approximately 

.0.24. 

\ 

2) Other types of'' film coatings are available which increase 
the window's reflectivity of room temperature j^nfrared heat 
Vhile only minimally reduding the windov/'s transparency to 

^ the beneficial incoming solar- ener^gy. The net effect ^of 

such "low-emissivity" films is a reduction in the winter U- 
value e'f the window from 1.^3 to as low as 0.74. (75, * 
Bern|an,p61) , ^ ' * . ^ 

3) • Solar reflective films and to a lesser extent *low-emissivity * 
, films have the disadvantage of reducing the beneficial 

.aspect of incoming solat energy in the winter. The following- 
table illustrates the seasonal benefit^^+) or detriment (-) 
of. single glazing compared to glazing*^ with applied low- . % 



emissivity or reflective film'^s in a southern and 
city. (75,Berman,p64) • 



i^DOW ENERGY DEMAND BY ORIENTATIQN^(KBTU/SQ. FT, ) 



CITY 



Dallas 

No Film 

Low- emi s s i v i t y 

Reflective 



NORTH 
Whtr Sumr 




northern 



WEST 



Wntr Sumr Wntr Sum: 



ir 



■24 



■95 



-7^tf -80 
-46t -41 



+26 
+35 
-33 



-156 +102 
-135 +107* 
-56 ■ -14 



-118 +26 
-101 ,+38 
-46 -33 



-185 
-161 
-63 



New York " " , 

NO Film -84 -43 -38^- -76 +29 -59 -38 -81 

Low-emissivity * -43 -39 -2 ' -68 +58 -53 -2 -73 

Reflective -105 -11 -93 -19 -:76 -15 -93 -20 
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» 4) From the table in the previous paragraph it is evident 
that the annual energy effectiveness of low-emissivity 
or reflective films will be very dependent^^ whether air 
conditioning or heating is dominant, and which direction 
»^ a window faces. 

Due to the dominau£g>/of air conditioning in Dallas 'reflec- 
tive ^ilms conserve energy on north-, east, and west- 
facing windows while in New York may be are only minimally 

• conserving for these orientations. In both Dallas and 
New York reflective films would appear to result in 
increased energy consumption when^appl;ted to south-facing 

* windows. ' ' . 4 

Low-emissivity films appear to be more energy conserving 
than no film or reflectiv-e film only^on south-facing 
windows in Dallas but on all exposures in New York. 



ADVAN-TAGES: 

I 

1) Reduced summer solar heat gain with reflective films* 

2) Reduced glare without obscuring view. \ 

3) Can be applied to existing windows. ' 

4) Reduced fabric fading. 

5) Reduced winter heat loss- with "low-emissivity" films. 

6) May hold glass ^Together in eve^gtt of shattering (if film* 
• thickness adequate) . - 

DISADVANTAGES: 



1) Reduced benefit of daylight and solar heat gain in winter 
with reflective and to lesser extent selective films. 

2) Replacement of film is costly ,* difficult, and likely to/ 
be required aftBr nine to twelve years. 

3) Additiona^l care required in washing to -avoid scratching 
» surface of filins which*are softer than "glass 

4) ^ Reduced effectiveness of selective coatings when ^applied , 

to single glazing because the need for abrasion resistance' 
necessitates a protective coating over the selective 
coatfng. 
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5X Possible. cause of breakage when installed as a retrofit 

item. (See disadvantages listed under Strategy:, ^ 
'Reflective Glass) 



AESTHETICS: 



1) Reflective films require, the same aesthetic judgment as 
discussed in the strategy: "Reflective Gla§^^v;_^>, • 

2) Selective films may impart a slight tint to the outside 
view. 



COSTS: 



1) Reflective films cost approximately $0.40 to 0.50 per 
square foot depending on 'the properties and quantity 

^ specified. Installation ranges from $0.70 to 0.90 on the 
same basis. (75,GSC,p9) 

2) Low-emissivity films have not been. used as widely in 
window applications but the product is commercially 
available. A polyester film' with -a gold coating is one 
potentially effective product cutrently marketed by at 
least two manufacturers for other uses; The price is 
approximately $1.20/square foot. (76 ,Sierrac3^n,pl) ^ 
(76 ,Levy , telephpne) 



EXAMPLES: . 



1) A reflective film appjLied to windows in an office building 
in Silver Spring, Mary\and resulted in a 50 percent 
reduction in the air. corvditlonihg load. The average air 

. conditioner operation cycle was reduced .for 24 hours per 

day during peak summer periods to 12 hours per day. 

Winter heat loss reductions we^e also observed but not 

quantified. (75, Groves) 

« *' • 

2) A five mil, polyester film with a coating of gold is 
currently available which transmits up to 80 p^ercent' of 
the visible light but reflects over 95 percent Of room 
temperatiite heat back into the room; The' material is 

^rr^ntly being marketed for space suit visei^ and ski 
^1^ . (76 , Sierracin) 
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4.5 REDUCED GLAZING/lnsulation, Shading 
STRATEGY: -. ' - . • 



ReSuce.the glass area in. the wall opening by substituting an 
insulating^ panel In a portion of* the window. \ . 



PHENOMENA: . " ^ * ' ^ ^ 



ft 

1) Single glazing has a U-value- of 1.13, double glazing 
approximaf^y 0.58, and opaque, insulated panels as low ' 
as 0.10. C?'6,PPG,pl8) By replacing part of ^the glass"" 
with an opaque, insulated panel the outward flow of heat 
in the winter is reduced.' Afso, air conditioning costs 
may be lowered due to the reduced admittance of sunlight, 

V 

2) The benefit of reduced outward heat flow must be compared 
against the loss of beneficial winter solar heat^^and 
beneficial daylighting. Opaque, insulated panels might 
be beneficial on north^faaing windows but detrimental on 
south-facing windows, 'climate and orifentation are impor^ 
tant factors. . , 

3) Opaque, insulated panels are cqmmonlyjidnstalled in the 
upper section (s) of windows. The high portion of a 
window provides the deepest penetration of daylight into^ 
a room. Thus, the panels not only reduce the amount of 
glass area admitting daylight but also ^edupe the depth 
the daylight penetrates into a room. Heat loss^^reduc- 
tions must, consequently, be considered against ,the 
possible additional cost of continuous as opposed to 
periodic use of electric lighting. 



ADVANTAGES: 



1) Reduced heat loss -in winter, sunlight transmission in 
summer. - ' 

2) Reduced window .area to wash and maintain^ 
DISADVANTAGES: J^, . 



1) , Reduced winter solar heat gain. 
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2) . Redii'ced amoynt and penetration of daylight* 

* ' • 3) Possible loss of means of ^egress during fire. 
_ « 

AESTHETICS: , ■. . j . ' 

1) Reduced view of outside'. The sky portion of the view is 
cut when panels are installed in upper window sections. 

« 

2) Introduces another material to^the facade. 

3) . Qhanges the perceived proportion of windows. 

COSTS:* . 



An insulat^, opaque panel consisting of a ^lieet of heat 
strengthened glass with a c'^ramic color fuse^d to the rear 
^surface, and backed with one- inch fiber glass insulation and a 
foil vapor barrier 'cost approximately the same as clear dodble 
glazing. Aluminum or enameled steel clad panels cost approxi- 
mately 30 percent less than clear insulating glass. (76, 
Hiltman) ^ ' ' , " 



EXAMPLE: 



A schoo>in Big ,Fork, Minnesota was expanded from 47,000 to 
' 63,370 square feet and new windows were installed in both the 
new wing and throughout the ,original building." The new window 
units consisted of a reduced glass area glazed with insulating 
glass and an insulated porcelain panel in the top portion of 
t;he window. As a result •of the installation of the new windows, 
the total coat to heat the 63,370 square feet with new^ windows 
is Jower than the cost of heating the original 47,000 square - 
fftit of school with old windows. (74,Sdnd&trom,p58) The 
following photograph shows the new window system with insulating, 
.'opaque panels 'J^n the upper portion of . the window. (76,Devac,p4) 



\ 
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Devac, Inc., 10130 State Highway 55, Minneapolis, MN 55441 



further analysis is required to separate the savings realised 
by the insulated porcelain panels from the savings .accrued ^ 
from the more air-tight frames and double glazing. However, 
the freqliency of outside" temperatures of minus 20*^F and below 
in Big Forlc, Minnesota suggest that the conduction 'losses of 
the glass are not offset by solar heat gains and therefore, 
the insulating panels used to reduce glass area contribute to 
the lower pperating costs of this particular school, in less 
sever^e- clitnates orientation is likely to be a cj:itical deter- 
minant of energy savings or even losses realizq^{.>^rom replacing 
gj.ass with opaque dsnsulating panels. 



REFERENCES: 



DeVac, "Devac Windows Cut This Buildings Fuel BilL 34 (Percent",. 
Devac Window Co., Minneapolis, Minn. i^J '-j [ 
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4.6 GLASS BLOCK/lnsulatlon, Sqlar Heating, Daylighting ^ 



STRATEGY: 



« r 

Install glass block to admit 'sunlight and daylight \with 
minimal building heat loss, 



PHENOMENA: ' . 



1) Glass blocks are hollow, -inasonry units molded in two ' 
halyes whi,ch are then fused to'gether at a high tempera- 
ture. \\fhen cooled, the permanently sealed air becomes 
exceptionally dry preventing condensate ftom forming 
within the cavity. This^^-air space results in glass 
blocks having. a low U-value, ^et admitting approximately 
50 to 60 percent* of the inciderv^: solar energy including' 
78 to -84 percent of the visible light. (64,Ulrey ,pl75) 

2> The larger the brock^face dimensions the lower the U- 

value' is. This is^^ie to the ' fact that the larger size - 
reqtHres fhs-.use of fewer blocks^^f^^r ^a**given area.* Heat 
loss is greatlest at the edges of a bloQk^because the^ 
glagfe bridges the" air space. The -following U-values show 
how larger glass blocks provide better insulatiofi: 
(75,PC,plO) 




NOMINAL SI^ZE . U-VALUE • U-VALUB 

(single cavity) (double cavity7 
• % 

.0.60 0.52 
0.60 

' O.50<. •\r:'48 

0.52 , K44 



Note that glass blocks are available with double'^cavities 
wit4i the same overall block depth - usually a nomin^- 
four inches. - , 

3) The greater mass of glass block c6mpared to window ^glass 
results in a lag in time .between when the sun first. falls 
on the block^and when the room temperature rlses-r- The 
heat gain for west-faciKg glass block windows is^conse- 




A 



4) 



VP 



.3 



quently delayed in the morning and conversely, the hea ^ 
gain of east-facing glass block windows will be elevated- 
in the afternoon. To app^roximate this lag the solar heat 
gain factor from the previous rather than the current 
hour can be ^sed in calculating heat gain. This product 
plus the heat gain or loss thorough the block (U-value 
multiplied by the inside/outside temperature difference) 
equals the net heat ga^-n or loss. (74,ASHRAE,p487) 



The shading coefficient of glass block can be lowered by 
contouring the glass surface (s) and/or by fusing various 
^ypes of insejrts between the two halves before th^y are 
joined in the manufacturing process. 

(Jhe following table illustrates the effectiveness of 
several means of deducting the shading ^coefficients for 
npminal 8x8 inch ^glass blocks. Multiply the coeffi- 
cients by 1.L5 for 12 x.l2 inch blocks -or by 0.85 -for 6 ,x 
6 irich glass 'blocks. (74,ASHRAE,p40S)* 



TYPE 



SHADING COEFFICIENT 



Vs^ EXPOSED TO SHADED SHADED 

- SUN \- N, NW, W, SW 'NE, E, SE 



(Window glass) 



Clear bloTck 

Clear with glas^ 
fiber insert* \ 

Contoured* outer 
surfaces 

Prismatic inside 
surfaces and - . 
glass filjer insert 



i.o6 

0.-65 

0.44 

0.33 
\ 

0.25 



0.40 



0.34 



0.27 



0.18 



0.60 



0.51 



0.41 



0.27 



Same as above plus 
Ceramic coating on 
insert or gray glass . . . 

.used for block or (— ' 
pBll^smatic glass fiber 

insert. . . " - 

> " / ^ 

Note: Shading glass block windows from direct sunligftt* 
substantially reduces heat gain. By providing roof 
overhangs calculated to obstruct the summer sun and admit 
the winter sun, glass l>lock can be used to the best 
thermal advantage. 
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^ ' 5) ^ Glare from glass blocks can be reduced with various types 
o'f inserts. White op^l glass is an example of a glare > 
reducing insert which .has the additional benefit of 
making the block a more uniform brightness. Glare can 

tlso be reduced by pressing ^rid surface into the glass 
o^diffuse the light, * *• 

A 

6) Penetration of light into a* room can be increased by 
^' , casting the inside surfaces of the' glass blocks in a 

prism configuration to direct the^ light up'onfo a reflec- 
tive ceiling. (64 ,Ulrey ,pl77)* ' ^ 

7) Operating glass units can be composed^ into gla'ss block 
panels to provide ventilation, \ ^ ^ 

ADVANTAGES: 



1) Solar heat gain and daylighting with greatly reduced heat 
loss compared to single glazed windows. 



2) 
3) 
4) 



Xontr9l of direction of incoming light with'potential ^o 
increase penetration into rooms with prism surface blocks. 

Reduced glare with.qse of inserts or d;Lf fusing surface * 
treatment of ^block. • - . 

Privacy Vith -dif fus:^ijp or glare reducing glass blocks. 

5) Reduce4 sound transmission ranging from 35.3 db at 128 

" cycles per second to ^47.5 db at 2048 cycles per second ' 
(64,Ulrey,pl75) 

6) Vandal resista^it, 'Projectiles which would shatter window 
^gj-ass are deflected by glass block. 

7) Force<^ entry greatly impeded.' » ' ■ 

,8) Fire rated at up to 1 1/2 hours degending upon block 
^,,^type. (75,PC,p8) 



' DtSAJ)VANTAGES: 



1)* Possible Summer or even ^Spring and' Fall overheating 'of 
rooms with, large expanses of unshaded gla^^ plock and 
^ irxadequate provision for natural ventflatior 
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2) Distortion or eliind^iation of view out with most glass 
block types. ^ . « * 

r 

3) Elimination of security surveillance of building interior 
through glass block windows. 



AESTHETICS: - ^ - > _ 

1) Glass tlock, are available in clear units affording only 
slight "distortion" to view, and in a variety of patterns 
which can be combined and arranged in an almost endless ' 
number of compositions. ' ' r 

2) diffusing blocks effectively increase the ambient light ^ 
level of a robm. 

* * ^ « » 

3) * The^'joints of glass block impart a grid effect to the- 

fenestration. The scale of ^the grid can be adjusted by 
tTie size and proportion of the block. 



COSTS: 





/ 

• 






The following 


are a sample of 


the price of 


delivered clear 


glass block: 










SIZE 


UNIT COST 


SQ. FT. COST 












6x6 * ' 


$1.75 . 


'$7.00 




« 

8 x,8 


2.25 


5.06 ' 




12 X 12 


• 4.50 


4.50 \ 



EXAMPLES! 



ly The following two examples illustra^te the light pene- 
. tration with glass blook on a south eiqposure compared to' 
glass block on both a south an(J north* exposures- 90- feet 
apart. Both .cases are. for 40 degrees N. latitude at 10 ^ 
a.m. and *2 p.m. on Mar^ch 21.- . (66,IES,p7-ll-) 
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1 



1 2*-0" 

' 1 



3'-4' 



3'-0 

500 
-^400 
300 



Ceiling Reflectance — 70% 



Light 

Directional 
Block 



tight 

Diffusing 

Block 



Working Plane 



12'-0' 



3'-4' 



Floor Reflectance — 1 5% 



- i- 



Light 

Directional 
Block 



CeWing Reflectance - 70^/S 



Light 

Diffusing 

Block 



Working Plane 



•0 
JL 

500 
0^400 
1 300 



■1 



Floor Reflectance 
1 



e-15% 





i 



J L 



J. 



J L_I 



0 10 20 30 40 50 60 70 80 
Distance fr^Fenestration (Feet) 



0 10 20 30 "40 50 60 70 80 90 
Distrancq from South Fenestration (Feet) 



Figure 36. Glass Block on One Exposure vs. Two Exposures 



2) Glass'^block is, effective on horth exposures to increase 
the ambient light level of ^a room while providing a 
fairly low U-valpe for \\eat loss.' The following illus- 
tration shows the u§e oT glass block to increase the 
light level of .a room and reduce glare from clear glass 
-windows. (75_,PC,pl5). 
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^Gwathroey Siegel, 154 W 57th- St., N,Y. 10019 

« 
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47 THRU-GLASS VENTILA^ORS/Ventilation 



STRATEGY: 



Install a transparent wind-driveh rotor with a closable louver 
in a hole cut in a fixed glass window to provide .controlled 
'ventilation. 



PHENOMENA: . 

*' 

The transparent rotbr spDngf^ admitting or exhausting air into 
or out of a room as a result of air pressure differences ^ ^ 
between the inside and outside. Operable louvers allow the^ 
air flow to be stopped entirely when ventilation is not 
de-eired. 



ADVANTAGES:' 



1) Ventilation possible with fixed glass windows. 

2) Reduction of strong sudden drafts duriilg gusty winds, 

3) Security >^ A six or eight inch diameter hole in a fixed 
glass window limits the size of burglars who can gain 
entrance, 

« * . — - 

DISADVANTAGES: 

1) . Minimal natural ventilation coiripared to operable windows 

or even compared to an equal diameter unobstructed hole 
out in the glass, 

2) Cannot^ be installed in factory sealed double or tripple 

' glazed windows, nor in existing tempered gla^s windows by 
the. homeowner or contractor in the field. 



AESTHETICS: 



A transparent rotor unit interferess with the view compared to 
an uninterrupted expanse of glass, ilowever, the opening, 
small as it is, provides a strong contact vith the outside in 
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terms of admitting the "smell** of fresh air and the sounds of 
the outdoors. These qualities are largely lost with normal 
fixed glass windows. 



COSTS: 



The retail cost^of a thru-glass ventilator varies with its 
size: approximately $7.00 for ah 8 incR unit, $5.75 for a 6- 
1/2, inch unit, and $3.50^ for a 5 inch uhit . (Prices do. not 
'include shipping.) Installation entail's simply scribing and 
•tapping* out a round hole in the glass./ Units are available 
which lock into- place without screws. / 



EXAMPLES:^ 



The follcJwing photograph illustrates' one model of d thru-glass 
ventilator, (76, Simon, pi) . - \ 

\ 




George Roach Co., 8010 24th Ave. NW, Seattle, !^A 98107 



REFERE^ICES: 



Simon Ltd., "It Runs on At^", George W. Roach Co., Seattle, Was^A^, 
1976. * 
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5. INTERIOR ACCESSORIES - . 

The. principal advantage of energy-(jonserving interior accessories 
Is t^ieir accessibility and hence ease of management as outside 
conditions change or as the use of the interior changes. 
Inter ioi; accessories such as draperies, roll shades, and Venetian 

A 

blinds are effective in reducing heat gain .in the summer as 
well as reducing heat loss in the winter. The principal dis- 
advantage of interior accessories is thS 'fact that in reducing 
heat gain, the heat absorbed in the device is radiated into the 
buildings interior . Also, interior accessories when being used 
for shading may^ limit the opening of in-swing windows when 
shading and ventila*tion are desired. In reducir^g heat loss, if 
^the device does ixot effectively trap air between-^ itself and the 
window,^ the insulative value is minimal. However, vif it is 
initially l^nstalled to provide tight closure and it is subsequent- 
ly used conscientiously, an interior accessory can greatly 
improve the performance of a window. 
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5.1 VENEtVn BLINDSphading, Daylighting 



•STRATEGY: ^ ' ^ 



.Install Venetian blinds to reflect the summer sun back out the^ 
wiridowv or to direct daylight to^'^tK^ceil ing for d e^p^ light 
pen^etration into a room. 



PHENQMENA: 



1) Slatted horizontal or vertical blinds can be tilted to 

provide maximum reflection of sunlight back out the window 
in the summer. At a 45 degree tilt 'with sunlight perpen- 
dicular to the slats, blinds have the following properties: 
(74,ASHRAE,p403/ * 

Properties of Venetian Blinds 

TYPE TRANS. REFL. ABSORBED. 



Light-Colored Horizontal " 0.05 * 0.55 0.40 
Medium-Colored Horizontal 0*05 - 0.35 0.60 

White (closed) Vertical , 0.00 ' 0.77 0.23 

These characteristics translate into the following shading 
coefficients for blinds in conjunction with different . - 
glazing Ji-y^esi/ (74,ASHRAE,p402) 
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SHADING COEFFICIENTS OF VENETIAN BLINDS 



TYPE OF 
GLASS 

V 

Single 
Single 
Single 



Double 
Double 
Double 



Clear 
Heat-AB 
•Refl.-^ < 
SC=0.30 , 

=0.40 

=0,50 

=0.60 
Clear 
Heat-AB^ 
— Reflective 
SC=0.20 

=0.30 

=0.40 



NOTES : 
1) 

2) 
3>, 



SOLAR TRANS 
OF GLASS 

0.87-' . 

0.46 



MEDIUM 
rfORIZOt^TAL 

9 t 

• 0.57 



0.25 , 

0.33 

0.42 

o.5g 

0.57 
-0.39 

0.19 
0.-27 
0.34 



LIGHT 

HORIZONTAL 
_ ^ 

0.55 . 
0.S3 

0.23- 

0.29 

- 0.38 

0-.44 

0.51 

0.-36 
r 

0.18 

0.26' 

0.33 



WHtTE 2* 
VERTICAty ^ 

0.29- 



0.25 
0.22 



Shading coefficients (SC) under the .reflective gla^s 
column .indicate the performance of the glass without 
interior shading for the purpose of identifying glass 
types.'' 

WKite vertical blind performance is rated for tightly 
closed blinds- in conjunction with glass having a 
solar transmittanceibetween 0;71 and 0.80. 

Heat absorbing* glass for Jj^r sheet of glass, clear 
glass for inner sheet of ^ass. 



ERLC 

hminniBTirrTimia 
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2) Venetian blinds are an effective means of variably corttrol- 
'^ing the amount of daylight admitted into a room. The, 
slats can be adjusted to b^ock 'all direct beam sunlight 
while admitting diffuse daylT^^t . With a light^rcolored 
• ceiling, the slats can even be Gd.lted^ to, reflect part of 
the direct beam sunlight up to tne ceiling where it can be 
reflected back down to work surfaces. The amount of .light 
transmitted to*' the -work surface is great"^ diminished in 
the process but glare is eliminated* AutOTiated control 
. systems are. available to adjust the tilt and even ra^se 
and lower the blinds as the outdoor light level varies ♦ 
(See AUTOMATIC SWITCHING/Daylighting) 



ADVANTAGES: 



1) Minimal space used to store blinds when open aAd they 
stack with a minimal obstruction of the window area. 



-^'^ 2) /<:an be selectively tilted to Jjlrect daylight to the ceiling^' 

J or , directly onto the work surface ♦ 

,v ' 3) Can be partially lowered to eliminate sunlight from only a 
portion of a room« « 



DISADVANTAGES: 



r 



1) ' Cleaning^' tedius. ' ' * 

2) Maintenance of lifting and tilting hardware and cord 
replacement . ' ^ * » 

3) Decreased jef f ectiveness in reducing winter heat lo'ss ^ ^ 
compared t\a shades or tight-fitting drapes due to cracks 
between ^aon slat* , » « o , 



COSTS J 



The jfollowing are a few sample retail prices for vertical© 
f Venetian, blinds in the Washihgton, D. C. are^ for several 
widths and/lengths. 
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nai(row conventional vertical 
slat 1" . slat 2" blind 



3k6 W X 6 0 H 


• 51. '72' • 


• .18.75 


43.00 

- * 


- 53.00, 


36 W X 84 H 


66.80 


26.25 


^ 51.00 


^ 64. 50- ■ 


72 \ix(i60 H 


-94.04 


37.50 


75. 50' 


-^4'. 00 


72 W 82; H 


122.^6 


, ' 52.50 


90.00 


- 116.50 




A study by Arthur Rosenfeld and Stephen Selkowitz proposes the 
use of reflective Venetian blinds* in conjunction with clerest<iry 
* windows to' increase the usefulness of beam sunlight in j>roviding 
illumination^ The light entering through high wind<5t^JS is 
reflected by the blinds up to the ceiling then down to* the work 
surface. It is believed that' such a system could pr^ide 
adequate' illumination throughout, much of the year\ Efficiency 
could be further improved by coupling the blinds vith electttic 
^' lighting controls. (^ee Strategy, Automatic Switching*) 

The payback perfod for such a system is illustrated with 
calculations for a small off£ce of 150 square feet with a 12 
foot wide south exposure, A clerestory window the full width 
of the office would accommodate 12 square feet of beam day- 
lighting blinds* The clerestory with, blinds would deliver an 
average of 100 lumen^jber s'^quare fpot for eight hours on 
average clear days, i[^ssiiming that daylighting could be utilized 
80 imrcent of the occupied hours' and the sun shined 65 percent 
of the^^e, Ijeam daylight wouXd be viable -fcor 50 percent df 
the 2^000 annual, working Rours. . (80% X ;65%). Assuming 2W/sq* 
ft. for electric lighting' the Xightipg load is SQOW for the 
office of 150 sq, ftt^ If the clerestoryr-blind system provided 
- adequate illumination for hall the , time, this would then repre- 
sent a savitfg of 300 KWK/per year or at 3C/KWH, $9.00/year* 
,(50 percent of 2,000 hi?s x SOOW)* If the utility company has 
peak period billing, tfre savings occur during the peak 'period 
^ and the dpllar savings might then be $13/year/ A timed light 
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switch is assumed to pay for itself in approximately a year 
from'nlght and weekend savings. Reflection blind might cost*- 
$2.00 per square foot, or $24. The payback period for the 
system is therefore $24/$13 per year or slightly less- than two 
year^. (76',^ean,p46)' 



REFERENCES: 



ASHRAE, ASHRAE Handbook of Fundamentals , ASHRAE Inc., New ¥6rk, 
N, Y., 1974. . 

Alcan, "Aluminum Window Bliilds for Splar and Light-Gpntrol", Alcan 
Building Products, Soifth Kearny," N. Jr,^ 1^76. 

Avery, "Sundrape Vertical Blind", *J. Avery & Co Ltd., 82-90 Queens 
land Road, Holloway, London." N7 7AW, April 1976. 

Dean,'' Edward and Rosenfeld^ Arthur, Efficient Use of Energy in 
Buildings , LBL 441, Lawrence\erkeley 'Laboratories , Berkeley, 
Calif., 1976. " ' - 

Dix, Rollin C, and Zaiman, Lavan, "Window Shades and Energy Conser 
vation". Illinois Institute of Technology, Chicago, 111., Dec. 
1974. . ' 

Levolor, "Window Magic", Levolor Lor^ntien Inc. Hoboken, N. J., 
1976. . ^ . ' 

Marathon Carey-McFall, "Bali-Architect Venetian ^Blinds", Marathon 
Carey-McFall Co., Philadelphia, Pa/, 1974. 

Stephenson, D. G. ,and Mitalas, G. P., "Solar TransmissdLon through 

Windows with Venetian Blinds", Research Paper No. ^310, Division 

of Building Research, National Research Council, Ottawa, Canada, 
April 1967. 
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5.2^DRAPERIES/Shading, Insulation 



STRATEGY: 



- Install draperies sealed agal^nst the wall or window frame at 
the sld^s and extending down in contact with the floor or 
window sill to insulate the window in the wiiiter and provide 
shade in ' the summer « , ^ 



PHENOMENA: 



1) Heat loss through windows with tight fitting closed 
draperies is substantially reduced compared to the he'at 

• loss of an uncovered window.. The effectiveness of a 
closed drapery as an insulator is greatly impaired If 
conditioned air is free to circulate between the drapery 
and the window.- When room air comes in contact with the 
cold glass, it is, cooled and cascades back into Jtihe room 
at the bottom of the drapery. Under such conditions, the 
winter 0-value of a single glazed window Is only reduced ^ 
from"ftl3 tOYi.06. (74,Dix,pl3) . By contrast, tlie winter 
'Upvalue of a tj^ht-f itting , tight-weave closed drapery and 
single glazed window can be assmned to be as low as 0*88. 
(calculated from 74 ,ASHRAE,p395y 

2) In the winter the draperies should be opened when the * 
window is sunlit to allow the sunlight to penetrate into 
the room, warming more massive materials^nd remote 

^surfaces. The heat will then radiate to otfier interior" 
surfaces rather than directly back to the glass. The 
drapery track- should extend a sufficient distance to 
4»i^either side of the window to permit the draperies to stack 
clear of the window to allow all' the sunlight to penetrate * 
into the room* 

3) Comfort near windows with drawn draperies will be improved 
compared to uncovered windows* This is due to -the draperies; 
being much cioser^to room temperature than tl^ glass with . 
a corresponding reduction in body heat loss by radiation* 
Tight-^weave fabrics are more effective for improving 
comfort. 




5-7 



166 



Summer heat gain can be reduced with draperies. The 
effectiveness of the drapery is mainly determined by three 
factojrs: the amount af .incoming solar energy reflected 
back at the glass, the amount of solar energy absorbed by'' 
the fabric, ai\d the amount of solar energy tranwnitted 
through the fabric and through ^he openings of the weave, ^ 
To a lesser extent, the insulation value of the drapery^ 
also affects how much outdoor heat is added to the air*: 
conditioning load. For single glazed windows with tight 
fitting draperies, -the summer U-value can be as low as 
^0.81 compared to ^.1.06 for the^uncovereS window, (74, ; 
ASHRAE,p395) ^ The, shading coeTficient of single glazed 
windows (1/4" plate) with draperies ranges from 0.80 down 
to 0.35, the low value representing a highly. reflective 
tightly weven drapery material. (74,ASHRAE,p405) . The 
window heat gain can be calculated by adding the solar 
heat gain and the conducted heat gain/ The solar heat> 
gain 'equals the amount of solar energy transmitted plus 
the amount of solar energy ^sorbed by the configuration 
and dissipated into the building interior,. The cbnducte^d 
heat gain equals the U-value multiplied by the 'inside 
outside temperature difi^rence. (See 74 ,ASHRAE,p388) 

The use of tight fitting draperies with insulating gLas^ 
even further reduces the stJinmer U-value as* shown below: 
(74,ASHRAE,p395) r , 

. DOUBLE GLASS - WITH INTERIOR 

(width of air spate) " NO SHADING SHADIN& 

single glazing '* 1.06 0.81 

, 3/16" air space ^ 0.66 0.54 

1/4" air-space - 0\65 ' ' 0.5^ 

1/2" air-space . ^ 0.59 0.48 

The use of double draperies, two 'layers of 'draperies ; 
separated by an air space, further improves the thermkl 
performance of window^. A summer Urvalue of 0.65 is 
possible for single glazed windows ^assuming the same'^ 
degree of air tightness for both layers of trapped air. 
Assuming a better degree of air tightness between the two 
layers of drapery than between the drapery and the window 
results in the even lower calculated U-value of 0.571 
(Pennington, p?) 
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7) Draperies should be installed such that conditioh^ff^air 
• • blbws_ on the room .side of the drapery and not between the 
drapery and the wJ.ndow. Where the register is directly 
below or above 'the window, retro^f it deflectors are* readily 
. available which divert the air into the room rather ttian 
up -or down the window surface • 



ADVANTAGES: 



1) ' Decreased winter heat loss < and summer heat gain. 

2) Improved comfort near window possible ''when draperies 
closed. ^ 

\ 3) Glare control. . 

4y . Privacy 



5)"' Noise absorption. Noise within -a room is absorbed by 

draperies rather than reflected as from uncovered glass . 
Also, 6utside noise transmitt^ed^ through the' glass is 
partially absorbed. '^The denser the weave and heavier the 
drapery, the more eifective it is in reducing noise 
transmission. The following graph illustrartes the effect 
of the "ffpenness e weave on- sound reduction. (74, . 

■ ASHRAE,|406) . • ' 



Notes: 

1 . ORenness factor is for 
flat fabric. 

^ * 2. ^Joise reduction coeftjcient 
is for fabrrc draped with 1 00% 
fullness', hung normally. 
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, Figure 37 Drapery Typ^Vs. Noise 
"Reduction . 
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-DISADVANTAGES: 



1) ** Periodic cleaning required, 

2) Obstruction of view when .closed, 

3) Possible breakage of glass when used in^ conjunction with 
heat-absorbing glass, .(Also true for any reflective f 
interior shading device.) The glass and the way it is set 
should be designed to withstand the additional heat-build-^ 
up from sunlight being reflected back at the glass from 
the closed drapery. 



AESTHETICS: 



The desire for an airy open weave drapery conflicts with the 
thermal ef f ectivetufiss of draperies both summer and winter.- 



COSTS: 




^..e price ranges largely with the cost of the fabric, A ready- 
made drapery ^can range in price from $0,'85 to $1,5D per square 
foot. Custom made .draperies may range much higher in price. 
The traverse rod is frequently available in various length 
increments which are expandable to any size up to the next size 
inQ;:ement, A^12 to 15 foot traverse rod can r^nge from $12 'to 
$18. . ' ^ . • ' . 



EXAMPLES: 
J 



A series of tests were conducted by the Illinois Institute of 
Technology to determine the percentage of energy that could be 
saved by using shades, drapery, or Venetian blinds. The tests 
were conducted in two rooms 'with a window mounted between them. 
One *room had its teiftperature varied from 20 to 50^F (-6,7 to 
lO^C) for winter test and from 85 to- 95^F .(29,4 to 35 ^Q) f or ~ 
summer test. The other ^room was maii;itained at 75®F (23,9®C), 
Solar radiation levels l:ypical of the mid-^west were introduced 
using heat lamps for the summer test, - All cracks wer^fe sealed 



LC 
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around the window to prevent infiltration. The draperies were 
hung two inches out from the wall so they completely covered 
the window opening. The study concluded that; a medium colored^ 
drapery with a white plastic backing reduced conducted heat-^^^^ 
loss in the winter by 6 to 7% (74,Dix,pii) and conductive and 
radiant heat gains in the summer by 33% (74.,Dix,p21) 



REFERENCES: 



ASHRAE, ASHRAE Handbook of Fundamentals , American Society of Heating, 
Refrigeration, and Air Conditioning Engineers, New York, 1974. 

Dix, Rbilin C. and Zalman, Lawan, **Windpw Shades and Energy Conser- 
vation", Mechanics Mechanical and Aerospace Engineering Dept.^ * 
Illinois Institute of Technology, Chicago, ^11., Dec. 1974. 

Keys, M. W. "Analysis and Ratin*gypf Drapery Materials Used for 
Indoor Shading", ASHRAE Transactions , Vol. 73, Part I, ASHRAE 
Inc., New York, N. Y., 1967. 

Morrison, Clayton A. et.al, "An Experimental Determination of Shading 
Coefficients for Selected Insulating Reflective Glasses and 
Draperies", No. 2382*^132, Mechanical Engineering 'Dept . , University 
of Florida, Gainesville, Fla., undated.'" 

Ozisik,^!^. and Schutrum, L. F.,^ "SolaT Heat Gain Factors for Windows 
with Drapes", ASHRAE. Transact*ions , Vol. 66, ASHRAE Inc., New 
York, N.' Y. , 1960. ' • ^ * 

PA, "Window Coverings", Progressive Architecture , Reinhold Publisliing 
Co., Stamford, Conn ~Jkov ; 19 66. 

Pennington, C.,W., et.al, "Experimental Analysis of Solar Heat^ Gain 
Thrbugh Insulating Glass with Indoor Shading", ASHRA^ Journal , 
ASHRAE Inc.j. New York, N. Y., Feb. 1964.- 

Pennington, C. W., et.al-, "Analysis of Double Drape fenestration 
Configurations", Dept. of Mechanical Engineering, Univ. of 
-Florida, Gainesville, Fla. 

.PPG, "The Feneshield^ System"; PPG Industries, Pittsburgh, Pa., Jan. 
1974. • • - 

Yellott, J.^ I., "Drapery Fabrics and Their Effectiveness in Sun 

Control", ASHRAE Transactions , Vol. 71, Part 1^' ASHRAE Inc., New 
'York, N. Y.,*1965. \ ' J 
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53 FILM SHADEsXlnsulation, Solar Heating, Shading 



STRATEGY: 



Install clear or coated transparent film shades — singly or in 



separated multiple 
provide insulation, 
and /or shading. 



lyers and sealed at the sides and bottom to 
aproved air tightness, solar heating. 



PHENOMENA: 

V 

1) 



2) 



3), 



4) 



A roll shade sealed agVinst the perimeter of a 'window 

frame wil'l create an insulating layer of air. This effect 

can ba^ multiplied by providing several consecutive layers 

, of shades and air spaces X One such system is reported to 

provide a U-value for the window of 0.55 with one shade 

pulled down, 0,31 with twoXshades pulled down, and 0.18 

with three shades pulled doy(ji. ( ^6^1nsealshaid,p4) 

A roll shade sealed at the edges also impedes infil- 
tration. \ . ' . ^ 

A heat-absorbdng film shade in sVnlight can have a surface 
temperature aSove room temperature and thereby provide a 
warm radiant sur^ce improving com^or't. 

A .low-emissivity film shade can tedu^ce the ^window s absorp- 
tion of heat radiated f.rom interior rail surfaces, furniTure 
and people. This can result in a 'heaDrloss reduction of 
57 to 64 percent, from single glazed wiri^Jows without a 
s^de; (75,Dahlen,"Summary"p2) 



5) 



6) 



A reflective film shade can reflect as muc 
of Che incoming sunlight back out through 
(76, Joannai p2X 



as 60 percent: 
le window. 



A selective* transmiasivity film shade can trai^^mit 75 
percei\t of^ie visible light but only 55^percen;t of the 
total soJa^^adiation, This allows u^able^^yiight to 
enter but blocks much of the invisible radiation\ thereby 
reducing heat gain, (76, Doyle) 



ERIC 

hmiffliiinrrTiama 
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ADVANTAGES: 



'1) Reduced summer solap^heat gain and winter night losses 
with 3 reflective or selective film, singly or in com- 
bination with clear film, 

2) Reduced winter heat loss with shade configurations which 
y« provide insulating, trapped-air space (s). 

3) ^ Reduced infiltration provided by obstructing flow of 

incoming, aiV with a film shade sealed at the edges. 

4) Increased comfort near windows because less body heat is 
radiated to an inside film shade than to a cold -window. 

3) Elimination, with a heat-absorbing film, of ultra-violet 

radiation and its resulting fading of carpets and furniture. 

6) Reduced sky glare with heat-absorbing films. 

7) Night visibility into building for security sui^eillance, 
. (e.g., shops, schools, or banks); 

* * .» ' 

8) Ji^time privacy with reflective film shades. 
^ Self-storings when not in use. 



DISADV^AGES: 

/ 



1) Required management of shade by occupants of 'building. 

V 

2) Difficult to install on other' than right angled window 
'-r ^ areas. 

. ' 3) Lack of glare control from direct sunlight. 

'V;; ^4) Lack of privacy with clea^r shades -or reflective shades at 

j^^^''^ -^-^ ' night. > 

5) Reduced winter solar heat gain through low^ emissivity film 
> shades,. installed to reduce heat losses. Calculation of 

. th^net. heat gain*>or loss for a given location may suggest' 
is]h4t''-low emissivity film shades are effective on north, 
east, and west'^Jfrientations- and transparent uncoated film 
* ^ ' shades are effective on south orientations. 

* * * > * ~ 

* 5-14 , . ^ 
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AESTHETICS-/ 



Film shades may become unattractive af ter^ggeveral years due to 
scratches* and wrinkles, especial at the edge of the shade. 
However, rep^lacement of the film is substantially less expen- 
sive than th^ initial installation of the complete system. 



COST: 



Delivered Film Costi' 

'Reflecting ?±\^ (3m) 
Cl^ar Film 
Absorbing Film \ 

\ 



20c/sq.ft. 
18c/sq.ft. 
30c/sq.ft. 



A light filtering pr reflective film shade mounted on a roller 
costs appraximately; 

3x5 ft., window $32^50 ($2.16/sqi.f t . ) 

5 X 6/8 patio door $57.50 = ($1.72/sq.p.) 

The estimated installed cos^t for single- layei; .shade system of 
either a clear or a reflecting film with a magnetic edge sejal 
is:' 

$1.50/sq.ft. on large job (^.g,, 100 windows) ^ 
2.00/sq.ft. on sm^M job (fe.g., 10 windows) , - , 



tt-^f^^ be possible to develop a do-it-yourself magnetically 
sialed shade system for the homeowAer at a cost of less than 
$1.0^ per s^^^' foot'. ' I 

.The estimated installed ^ost, of a multiple Ishade system c6n- 
sistiug *of clear film,' heat-absorbing film-^ ^nd reflective film 
with sealed edges and -automatic venting is-: 

-$4.00/sq,£t. for large windows - , 
$6.00/sq.ft. for ^mall windows 



V 
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EXAMPLES: 



1) One company manufactures a low-emissivity film shade with 
a magnetic edge tape for sealing the perimeter to an iron 

..oxide tape adhered to the jamb and sill. Test were con- 
^ducted on a scho'ol in Minneapolis on November 24, 1974. 
Measurements were ntade, using an infrared temperature 
gensor and thermocouple, on five adjacent windows on the 
first floor classroom. One window was 'uninsulated while 
the other four received various retrofit options"; 

» 

Inf tared photagraptts were then taken on December 1,* 1975, i 
to confirm the measurements. The tests showed the insu- 
_ lating effectiveness of t^he various windows as follows: 
(75,Dahrgn,p2') . ^ ' ' 

Percent Heat Loss Reduction 
(comparison to single glazed windows) 

(1) Conventional roll shade plus a 28-36% 
blackout shade for moX^ie pro- 

jecting. 

(2) Cl^ar plastic film shade with 36-43% 
alx perimeter sealed. 

(3) Wooden frame exterior storm wJLndow. . 50-57% 

(4) Low heat emitting film shade sealed 57-64% 
on bottom and sides ''only. • 

2) Another company manufacturers g system of three shades: a 
reflective film shade near the window', a Heat-absorbing 
film sha'de near the room, and ar clear shade in the middle. 
The shades^ are operated within frame guid^es to seal the 
sides and^ l^otto^n. ^ «• • 

In .the winter duifing the day, tfie occupant -should lowet 
the clear shade and the heat-absorbing shade. The clear 
shade creates an insulating air space between* itself and 
the window. The heat-absorbing shad'e heats the air in ^ 
the space between dtself and the clear sljade. When the • 
tYapped air temperature becomes warm enough, a bi-metalic 
thermostat opens flaps covering slots at the bottom of 
the shade frame. * Room air^is then drawn in at the bottom, 

, heat^ed by the warm, heat-absorbing film surface, and 
convected back into the room' at the top*. In the winter 

" Muring the night, afll thrge shades are lowered to provide 
^ three insulating,- dead-air spaces. , 
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In the sunimer during the day, the outer reflective film_ 
is pulled down to reflect 80% af the sunlight and the 
middle clear film is pulled' down to provide insulatioi;. 
(76,Insea^shaid,p6) 

The Sectional drawings following the references illus- 
trate combinations of roll shades possible~with such a 
system. ^ 
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/ . 



ERIC 



4 

175 



ERIC 




J Winter Day 
Clear and Heat Absorbing 



Winter Night 
Reflective & Clear & heat absorbing 




Summer Night 
Non^ 



Summer Day ^ , 
Reflective & Clear 



Rgure 38. Use Modes of a Multiple 
^ Shade System 
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5.4 OPAQUE ROLL SHADES/Shading," Solar Heating 



STRATEGY ; 



Install an opaque or translucent roll shade to reflect sun 
back out the window in the summer, and, if the shade has a 
dark side and is reversible, absorb solar energy im the 
winter. • . * ^ . • - \ 



phenomenaJ^ 



'. . . ' ;^ ' ^ 

1) Summer solar heat gain through windows^can be reduced 'by 
loweil'ing an opaque^, white roll shade to reflect much of 
the incoming solar energy back \)ut through the glass. 

•The color of the shade, and its opacity greatly affect ^ 
performance as c^n be seen in the following table: ^ 
(74,ASHRAE,p403) * ' ^ ^ 

t:jIARACTERISTIC ' TRANSMITTED REFLECTED ABSORBED 

^ Light-color, translucent- 25% 60% 15% 

White, opaque 0 80 " * 20 

Dark, opaque 0 ' ^ 12 88 

t 

As is evident from the- table, a ^hade's ability to reflect 
sunlight' is bac4JLy impaired if it is a dark color. 

The light absorbed by the shade raises the shade temperature. 
Heat is then dissipated into the room by ra^a'tion to 
room surfaces, and by co'hvection of room air. in coutfact.^ 
with the' wanii shade surface. 

2) . The ef fectiveness^of rol^l shades in combination^with 

various types of glass* is shown below in terms of shading 
coefficients: (74,ASHRAE,p403) ^ . ' • 
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3) 



4) 



4 ^5 



GLASS . : 

4 


SOLAfl. 
TRANSM. 


opaqQe 
dark" 


Single Clear 
Single Heat-Ab. 
Double Clear 
Double Heat-Ab. 


87% 
35* ' 
69* 
28* 


0.59 
0.45 
0.60 
0.40 


* (75»LOF,pl9) 







SHADING COEKFICIENT 



OPAQUE 
.WHITE 

0-25 ^ 

0-25 
0.22 



TRANSLUC 
LIGHT 

0.39 
. 0.36 
0.37 
0.30 



Roll shades afl.so reduce heat flpw through a window^both 
in winter and summer. Th§ U- value -of a roll shade with a 
moderately close fit to the window opening in the wall 
will achieve a summer, U-value of approximately 0.88. 
(^culated from 74,'^ASHRAE,p395) 

A roll sbade can have a dark color on one side which 
effectively absorbs sunlight and a white surface on the 
reverse side which effectively reflects sunlight. By 
simply reversing the shade from darJk side facing out in 
winter to reflective side facing out in summer, the shade 
can perform as a solar collector or sha3\ng device varying <> 
with Dhe season. (Silverstein,p63) ^ 



ADVANTAGES; 



1) Reduced solar heat gain in summer, 

2) Reduced conducted heat loss during winter nights. 

3) Privacy. 

4) ' Glare control, 

5) Self-storing. 



DISADVANTAGES: ^ ' . - 

Maintenance! Spring mechanistn will, fatigue or jamb with time 



.1) 

2) 
3) 



and need *replacemiejit, 

View out and shading at t;he same time impossible* 

Impeded ventilation from the top opening of double hung 
windows when the stiaile^is lowered*^ 



ERIC 



5-20 
♦ * * 

178 







-t 




AESTHETICS: 


* * 




A roll shade is a simple, inobtrusjjve element which does not * 
complicate the appearance of a window. « , , * 




-COSTS: ^ ^ 


- • 


V * 


, The following , are a^^ sample of retail prices for roll shades in 
the Washington, D. Cr area: 


T 


SHADE 
WIDTH . 

• 


TYPE OF SHADE 
OPAQUE TRANSLUCENT 




36 inches 


$5.00 ^ $3.70 




^ _ ' 60 inches 


2(^.00 17.00 


t 


EXAMPLES: 


* * 

• 


>• 

( 


The following example^ illustrates the summer ^an4*^yinter energy 
benefitvor expendituiffe^ attributable* for o'ne* s^qbat^ foot of 

window without arid with a roll shade in New York Ci^. The - --^ 

summej calculated energy results plus the solar data, degree * 

days, and window ^U-values are taken from a repprf by Samuel 

Herman. (75 , Herman, p47) The winter energy data and total 

energy dataware not from Bermari. These calculations differ 

f|pm his report, ill order to consider the window with a lowered 

roll shade during winter nights. Three orientations are 

calculated with west, being assumed' similar to east. 




, ^ The following values are 


used in the calculation: 

* 




Type of Glass 


Winter if-^Values v 
Shade *Up Shade Down 




: ' Single glass 


ia3 0.88- , . 




' Storm/double 


. 0.55 0.49 


i 

• 

-ERJ.C 


I 

• > ^ f 

\ 

9 ' ^«»»V ^ 


* *■ • * 
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Type of GJ^ass • Winter Solar Heat Gain (WSHG). 
. i (KBTU/winter, sq.ft.) 

•N ^ E,W S , . 

^ ' single 45 . - 91 • 159 

39^6 * • 139.9 

double ; ^ 80>1 • 

The shading Coefficient for double glass is aasumed to be \ 
0.88. ^ >- ^ ^ 

Heat loss fot the winter was calculated with the shade lowered 
12 hours peir'day. The heating season used was 4714 degree' 
-days (d) for a period* from October to April. 

■q = (WSHG X SC) - - (12 X U^'^^^^ x d) + (12 x U^^ ^^^^^ x d) ^ 

*^Using these assumptions the following winter and summer 
•energy expenditures or benefits result from one square foot of 
window. • ^ * I " 



SEASONAL ENERGY EXPEtTblTURE FOR A WINDOW IN NEW YORK CITY 
( ^TU/SQ.FT.) (- denotes energy input required from mechanical system) 

GLAZlH SHADING ' NORTH ^ EAST ' SOUTH 







Wint. 


Sumr. 


Wint. 


Sumr . 


Wint. 


Sumr. 


Single 


None 


-84 


-43 


-38 


-76 . 


+29 


^59 


Single 


roll shade 


-69 


-15 . 


T-23 


-26 


+45 -■ - 


- ^ 




Savings 


15 


28 


15 


■ ^9 


16 


.39^' 


Storm/double 


None 


-25 . 


-37 


+14 


-65 - " 


+71 . 


-51 


Storm/double 


roll shade 


-19 


-13 


+21 


'-23 


f 

+81 ' 


-18 


4 

( 


Savings 


6 


.24 
« 


7 

• 


42 

• 


10 


33 * 


Savings roll 


shade + 


65 • 


35 


17 


53 * 


52 


^1 



double compared to 
QP roll shade + single- 
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5.5 _ INSULATION SHUTTERS/lnsulation 
STRATEGY.: . ' « 



^ * Provide hinged or r^moy^^e opaque insula'ting shutters to 

^ ' reduce night-time wintfer heat loss. 

PHENOMENA: * ^ ^' 



1) The winter heat loss through a'w?ndow can be reduced by 
covering the /window with an insulating panel in contact^ 



with the glafes.^ The^ieatf losfiLis thefi reduced in pro 
l5ortion to tlhe insu^iSting value of the panel measured as 
resistance io heat flow per inch 'thickness of material. 
The U-value/ for a window wit>h a o^e inch insulating panel 
against it/can be approjctLmated as fo-llows^: 

U / T = (1- - •* )"-^ - ' - 

• \uss_alone P^^^ 



.This assumes equivalent valuefe for the air film at th% 
surf ace -of the panel and? at the interior surface of the 
glass,/ or an R-value of 0.68 in both cases. 



The fallowing, table lists several tommcfn rigid insulating 
materials, their"^ resistances (74,ASHRAE,p361) , and- the ^ 
winter U-value of a single glazed window with the panel 
In contact with the glass. All values are for one inch 
tliick panels'. ^ ^ 
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INSULATING VALUES. OF VARIOU-S^ INSULATING PANEL MATERIALS 



Material' 


(for 


Resistance 
1" thickness) 


l/- value of 
window with 
1" panel 


U-value of 
window with 
:»2" panel 


Expanded polystyrene, 
extruded,* plain 




* . • 

A. 00 


* 0.20 


0.11 


<^ 

Expanded 4)olystypene, 
molded beads " 




3.57 - *. 


0.22- 


0.12 


— : 

Expanded polyurethane 




, 6.25 


^ 


0.Q7 . 


Cork (3/4 inch) / 




1 

i./68 


0.39 

f 


i 

i ■ 


Cork/papei- bd»/cork (3/4) 


2.56-'^ 


0.29 • 




Plywood -p/4 inch) / 


) 


0.93' 


0.55 


t 

A 



2) If a gap 'exists 'between the insulating panel and the 
glass and air can circulate from the room behind the 
oanel and across the glass, the effectiveness of the 
, panel in xedufetig heat loss will bfe '^rastical-ly reduced. 
However, if the'^anel fits tightly to the perimeter of 
the wall opening (so ftiat air cannot circulate into tke 
room), a separation of the panel from the g'lass will 
increase the panel's effectiveness by providing an 
insulating layer of trapped air. 



ADVANTAGES: ' , * ' • 

.;; * 

ij Reduced winter heat loss at night. 
. " 2) Improved comfort near win^iows at night. | 
f'k 3) Reduced sound transmission at night. % / 
^ . " 4) Privacy at night, ' ' > 
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DISADVAliTAGES': 



. 1) Bulky to storov during tfie summer and during day if 
demountable panels are used, 

2) _ Easily crushed in the case of polystyrene or polyurethari 

necessitating periodic replacement, 

3) Polyst|n:enes and polyu-rethanes are_ f lamable* and give off 
' highly toxic gases in the event of fire. A protective 

' claddiiig .of metal is essential, •>^c^ 



AESTHETICS: 



Rigid insulatiftg^ panels can be^vered* with decorator fabrics 
to enhance the character pf th^indow, Cork or other insu- 
lating materials are attractive in" their natural condition in 
many interior^ design schemes. In deep window openings, the 
window may be sufficiently recessed to accommodate half the 
^^5:5^?^ window, in which case, thermal panels can be 
^pivoBed.?at ed;ther side withou^t pr:ojecti^g out into th6 room,* 
In new. construction a pocket can be detailed ijn the wall ' 
adjacent to the 'window into which sliding insul^ftjig panels 
can be st^ored out of sight. Foam panels should'be clad 
with sheet metal. The metal skin would eliminate the \j 
problem of panels "becoming unsightly due to the vulnerability 
of unprotected foam. The skin must also provide protection 
from -the toxic fumes gfven off by certain types of foam 
inflation- in the presence •of' a. fire, * 



COSTS: ; ' « ^ 



\ 



1 » # - 

* Jhe folloj^ing table is a sample of retail priqes^ f or various 
insula*-ing materials: , . ' . i 

. . ; Material » Cost/sq^ ft; - 

. 1" 'extruded polystyre^^e $0.35' 

, 1" expanded polystyrene 0.38 

* » 3/4" sheet corlc \ . 0.50 \ 

pressed paper ^ 1 .^l 

bo\rd with j^/8"^'c6rk / • ' 
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An insulating, panel which reduces a single gla'^d window's 
U-value to 0,38 or less, is twice as insulating as resi- 
dential double glass (1/4 inch air space) with a U-value 
of 0.65. Thus, if the panels are closed only during the 
hours of darkness, approximately twelve hours per daj^, 
they will achieve energy savings comparable to insulating 
glass. Furthermore, the difference between outside day • 
and night /temperatures is likely to be greater than the 
difference between day and night thermostat settings. < 
Therefore!, even with night-time thermostat set back the \ 
insulatihgv shutters can effectively conserve heating 
energy. \ ' ^ . ' 

A study in Sweden calculated the difference in energy 
flow between insulted 'glass', windoj^with thern&l shutters 
open all' the time and with the shutters closed when 
conductivity and inf iltr,ation losses exceed solar gain. 
The following table gives the annua^, energy sav^d by 
using the shutters in BTUg^x 103 per square f oot . J|j;Con- 
verte^ to English Units from 75,Hagman;p2) ' 

I ■ ' 
LOCA^N ^ 

Lulea 
Stpckholm 
Malmo' 
NOTES: 

V 

1^ The -case of closing the shutters^ whenever the winded? 
loses more heat than it gainfi would^Aecessitate 
closing the shutters the entire ^day^ilring December 
in Malmo and Stockholm, and November through January 
in Lulea. ^ . 



DEGREE 
DAYS 


NORTH 


ORIENTATION 
SOUTH 


east/we% 


11000 


142 


■m 


135 


7/700 


106 




99- 


6900 




* 

' 79 


87 

• 



2) The wlndqw with a closeH^. shutter was assumed to^ have 
an equivalent U-value of 0.09 considering i)oth con- ^ 
duction and Infiltration. With the shutter open, ^ 
the window alone*, considered to be afi average '"^ v 
tightness, double grazed unit, the . U-va\|.ue assumed 
to be^ equivalent^* t(/|p.53. 



REFERENCES: • . - ■ 
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Hagman, -Folke, "The Window as an Energy Factor, Insulating' Shutters 
F^unction Construction, feconomy". Report R43: -1975, National 
Swedish Council for Building Research, S-111 84 Stockholm, 
Sweden, 1974. 



6. BUILDING INTERIOR X • • ' 

The desffen of th^ building llntBrior will determine how ^useful 
the energy s^mit^ted by the window will be. Distribution of 
the incoming energy beyoad the immediate vicinity of a window 

* - r ' , 

is one b^sic objective. The color, location and height of 
partitions will' determine how deeply daylight pengtrat'fes -into 
a room. The mechanical air aqjrculation system' may ^rpvide a i 
means of circulating the w^ter^olar heat beyond the immedi- 
ate vicinity of'the windowJ Another objective of interior'' 
strategies is to s.tore sdlar heat' during periods ^of excess 
tq^be re-radiated later when the room temperature drops. 
A massive floor and wall in the path of the sunlight. can 
effectively perform. this^*f unction , Still another objective 



of building interior strategies is to facilitate occupant's 
use'of daylight ^s a substitute for* electric lighting, 
thereby reducing energy consumpti(5n by both the 'lighting 
afid air conditioning systems, ^ 

In summary ?he design of t^e illumination and mechanical / 
systems, the design and color selection of room surfaces, and 
the placement .of massive building components will determine*' 
how much the ^ixergy -gained fey .windows can reduce illumination, 
air conditioning, ^and heating energy costs. 



6.1 FIXTURE CIRCaiTII^G/Dayligtit/ 



/ . 




J- 



STRATEGY : 



Provide separately switched circuiffe for lights in a building's 
peripheral zone to facilitate substituting daylighting for 
electric lighting^ ^ ^ - - - ' „ * 



PHENOMEN^t? 



1) 



2) 




Daylight penetrates a finite distance into an* interior 
space. The illv^nination level can be calculated 'and a 
zone defined where daylight provides an acceptable^ level' 
'of illumination" with na artificial lighting needed. 

The amount of 'daylight penetrating a given space vaTMes 
according. to cloud cover,* time of day, and time of y»r; 
as well as the visible light ^ransraissi6n of the^glazing. 
Providing separate switching for two rows of light, ^n^ 
near the Vindow^ai^d one. deeper in^ the room, would permit 
the outer row to be switcITed ofltf when daylight ..is adequate 
near the' window. 

Dayligiiting^wh^e^ are controlled, poses , less of" 

a heat load* on^hV.4ir coh'ditioning system than even 
fluorescent lightiiCg. xTher^fore, the capability of 
switching on .only the row 'of lighting needed, oai aTiot - 
overcast day^ saves^ electricity both in- terms of lighting 
and air conditioning. • . - . - 



ADVANTAGES: • \ '1; * 

. ^ Reduced elecfffl^vj^cftj^umptd^^^ during the time of the day ' 
. ^ Vhen demand on fhej^^^ra ting- plant isr* at a p^ak. Where' 
electric rates are]\M]^er during peak periods, dollar 
savings are even gl^lk'tey• ^ , * " ' , . 



DISADVANTAGES: 



.ERIC 



v»l) Potential glare and;:gxeate^ variation in light level 

compared to/ complete* re£i^ce on axtificial illumination. 

2)"' Overheating if excesses ijot controlled- with shading . 

, ••• ;. • ' ' 
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AESTHETICS: 



1) 



Turning off only the light" fixtures in the area receiving 
daylighting m^y provide a more uniform lighting level 
throughout the space. - . 



COST: 



Additional^ first costs include the material and installation of 
additional footage of wiring and additional switches. 




The. following figui^ illustrates the amount of light 
theoretically available from a window in an offic-e space. 
The clear'sky curve assumes ^the sun is directly overhead,. 
If the sun were lower in the sky ^s in the winter, the 
Light level in the*offic"e would be still hi'ffier than shown. _ 
If the sun were behind the huilding, the light^level would 
appro^^h the. curve for the overcast sky. '(TAjVild, p3) /i 
The actual illumination in^any office may fce stibstanti^ly 
lower than these curves. Lower values would ac^tually be 
better as the illumination leve ls sh^ w^are^ excessive. * 



Foot 
Candles 
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% Figure 39. Usable 



Daylight aiDesk- Top Height vs.feistaiice from the Window 
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2) The following example shows liowjnuch electricity ^can be . 
conserved when daylight would. suffice to provide adequate 
, illumination for half th^ office six hours a day. 



Window 



r— 1 

ri 

V 

n 

I 



".1 



I — 



bJ 



.1 1 



Office "A"" 



I 



N 



Window 



r— — 1 
r — r 1 

I I J 



r — T — I 

L • I 



, ' ' , Office "B" 

Figure 40 . Lighting Fixture Circuiting 



Assume : 

8 fixtures 

9 hrs/day 



8 fixtures 

2 - 40W tubes. each 



•4 fixtures 
9 hrs/day 



4 fixtures 
3 hrs/day 



5.76 KWH/work d&y 2.88 KWH/work day + 0.96 KWH/work day = 3.84 
$1.15/work week $0.77./work week - ^ . 0 

Savings = $0.38/work week ' ' * ' 
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6.2 TASK LIGHTTNG/Daylightin^ 
s'xftATEGY: • 



Provide task lighting switched se43arately from amfc/ient light- 
ing to facilitate the use of daylighting for ambifent lighting. 



phenomena': 



1) Ambient lighting in addition to adequate lighting on a 

"task is necessary to avoid extreme contrast and resulting' 
eye fati-gue^ However, the ambient lighting can be only 
approximately 1/3 the level of th& task lighting. , / 
(75,GSA,p6-6) ^ By. providing high levels of lighting only/ 
at the task rather than uniformly high levels pf^ light, 
considerable electricity can be saved, both ffom reduced 
lighting consumption and reduced air conditioning bqrden. 
By providing separate switphing for task 'and ambient 
lighting, the ambient lighting can. be turived of f when 
daylight' is adequate, further ihcreasing the' savings. 



ADVANTAGES : 



1) Reduced electricity consumption when daylightiing is 
adequate' for background lighting. 

2) Individual di^cTretion in selecting lighting - fot a task. 
With conventional uniform lighting, if one person , feels 
he needs nKhre light he must switch on the lighting for 

. "everyone. « . 

3) , No electricity,' including the resulting increase in air 

/conditioning load, is wasted by lighting work areas of 
individuarls who are absent for part or al\ of tjie day. 

4) Defending on the mounting system an individual, can vary 
J ^ the distance and orientation of the luminaire, relative 

to 'his wask, to suit his personal preference. 



DISADVANTAGES: 



1) ' Possible glare from the task lighting reflected off the 
work surface into the eyes of the worker. 

. 6-5 . , . 



2) Interference with' work task by fixture base if the task . 
lighting fixtures are- oh the work t^lyle. 

f^^^^ Less flexibility itr 'lenns of relocating the task at a 
* future date if task lighting fixtures are mounted in the 



AESTHETICS 



iy\ In illuminating the task area more, brightly than th^ 
background, attention is focused on* the wo'rk- surface. 

2) Introducing different levels of lllujninatibn within a 
space makes it more interesting than if it were lighted 
uniformly, • ' ' 

3) Task' luminaires can be an attractive addition to the 
furnishing of a space.* • 



CQSTS; , ' , . • 

' An incandescent drafting lamp can be purchased for $19.00. 

EXAMPLES:* . ^ f 

The office, of the ?"ilfeington Environmental Advisory Service; 
Lancashire, England .was experimentally retrofitted with ta^k 
lighting and daylightin^^ was relied upon to provifde, back-> 
ground lighting as much ^s possible. This was accomplished 
by providing desk l^ps or drafting lamp^ and removing nearly 
three-quarters of thWyf ludrescent lighting tubes selectively 
from tl\e ceiling, DesRS were faced towards the darker, center 
* o f the space 'with daylight then coming from behind the' de§k 
rather than from in front" of it^i . This reduced "veiling 
reflection'^ (Glare from light reflected by the pages' reducing 
the contrast between the ink and the paper*) The f flowing . 
table summarizes the lighting wattages in the original over-, * 
all illipaination system anci the retrofitte4 task lighting and 
daylight ambient lighting system. (7^,Cuttl€i,p24)/ 
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COMPARISON OF ORIGINAL AND- RETROFITTED LIGHTING 



lastallation / Original 

Total lighting (W) ./ ' 5130 

Lighting load Wh^ 24,4 

2 

Density of occupancy (m /person) -Vb 

Background lighting load (W) ^- . 

Total lighting load /desk worker (W) 365', ^ 

.Total lighting load /illustrator (W) 365 



Rfetrofitted 
••"2^66 

13.6 

15 

95. . 



\149 
205 



/ 
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6.3 AUTOMATIC SWITGHING/Daylighting 



STRATEGY: 



Control light Switcliing Vith photo-electric light ^'s^nsors or 
timers to reduce electric lighting usage" during periods of 
adequate daylight. ^ ' ' . - > 



PHENOMENA: 



1) 



2) 



3)- 



ADVANTA(iES: 



Silicon .cells, generate a small ^lectric curr^rit which 
varies directly with the light -leyel. By measuring this 
current or measuring the change, iiK resistance to- a 
current passed through a silicon orxseleniuia cell, 
^ chan-ges in light levels can'be 9ensdd. electrically . ^ 
ly^is information can he^ used by control systems to 
regulate electric lighting automat'icam according -to 
need* 

Silicon cells are' more stable and faster r^^ponding -th^iwr^ 
selenium cells. Silicon cells' are thetefore\etter . 
suited for controlling interior illumination. \(Seieniuni 
cells are*.accepfable 'for less critical tasks sudl^ as 
switching. s-ecurity lighting.) (76,ZaleVski) 

A timer can be built intq'the lighting circuit ^to limit 
the use of certain electric lights to -night-time, 



1) 

2)- 
3) 



Elimi'natdon of the, situation Ol£_^ cloud reducing tKe 
daylight level, the room occupant switching the..lights 
on, aftd then leaving them on the remainder of ttie /jiay. 

Reduced M^lectr'icity Remand for lighting and associated 
air conditioning. ' . ^ 



Elimination o.f night-time workers. forgetting to turn out' 
light;s. and daytime w(^kers not noticing unneeded' lights 
left on. i ' % 



' 7 



V 
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, DISADVANTAGES: \ 



V 



2)- 



THETICS: 




'Difficulty in purcbasing "off the shelf "li^htPsens^ng 
systems^ Only, a feW manufacturers are/involv^d in their 
production. Furthermore, installation requires careful 
analysis on 'a case by case basis. A number of prototype 
systems were installed in the late/l950' s .and early 
60' s, but" inexpensive* energy greatly extended the amor- 
tization qf first costs. The e;^^d of inexpensive energy 
npw- prpvides an incentive for /iitetalling flight-sensing, 
light switching systems. Seyeral manufacturers have 
already identified a market^and are mass producing — or 
have in final design development — highly sophisticated, 

'light-sensing switching 's/stems. . 

/ « * ' 

Need for ^he sensors' to be kept clean, Tlvi-s may require^ 
maintenance if they are mounted on, the roof or outside 
walls.* / / 

' / '/ ^ • ' ' ' 

Directional sensitivity of outdoor sensors. This requires 
careful analysis in predicting what the indoor* illximi- 
nation level will be for the outdoor light level at 
which the sensor responds ^by switching on or off indoor* 
..lights. . ^ . / \ 

Greater variation in indoor light level when daylight is 
depended upon/ Variation may be considered a disadvantage 
or an advantage depending on personal preference. , - 



/ 



The light sensor component of the^ control system ca^^. 
readily be made inconspicuous in the ceiling §ystem or 
building facade. - * . ' , ^ 

langes from side daylighting to pverhead* electric 
Lighting during tlie course of a day provides a change in 
/the character of the .interior space. Interior forms are 
'highy.ghted in a different manner and the direction and 
def initiveness of shadows change. - , >, 




In addition to the hardware cost of /the actual- control 
system, consulting co'sts^ar'e incurred because JLightii\g 
specialists must balance the system, * Predicting day- 
light is a difficult problem tecause the absorption and 
reflection characterisoTCs of , both indoor" and outdoor 
surfaces musjz be evaluated as^well aa- the variability in 
the direction and intensity /)f the light source, 

^ Tii^ • • • • 

Circi^i^fng the lights to additional switching coiltrols ^ 
is an added cost^, » / * " • ? , ; * 



A skylight, manufacturer offers' a daylight sensing, light 
"Control system*;' A 'time delay; is built into** the relay / 
system so that a change in daylight 'leVel mvtst last , 
longer than ninety seconds. This 'i;:educes rapid cycling, 
when clouds- pass in front of the sun. A counter is also 
included to lock the* lights on for a period of an hour 
if tjie li'ghts are switched -on and off more than three 
tames in less than ten minutef, A clock can be included 
to provide -aut'omatic (as well as manual)' o^er-ride t;o 
the system during weekends, holidays, evenings, lunch ' 
hours, and custodial hours. (7 6, Commend o) 



^iV recent development is a sblid state, dimming. control 
•system which varies the butput of f luo'rescent or meVcul^ 
vapor lighting according to the availability of daylight. 
,When a s4.1icon cell senses the daylight level, the" * \ 
control system varies the electric lighting^outputVcon-^ 
tinuou^ly (rather than incrementally) T (76,LongendeXf er) 

A phpti] activated interior Venetian blind is manufactured 
1n Great Britain. Banks of up to 30 blinds can be 
operated from one photo-cell unit. The control can be 
i:estricted to ovAy tilting of the blind, raising or 
lowering being accomplished manually, or the entire 
operation *of the blind* sys4:em can be 'automated. (74, 
Beckett and Godfrey ,p295) ^ ' ' 

An experimental system was' installed in two classrooms* 
of Heather Drive Elementary School in Aurora, Illinois. 
A sensor at the window turned off thd row of lights 
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nearest 'the- interior wall when the out4por light' levfel 
• exceeded 1500 foot candles.* A second row was* turned off 
at 1000 foot'candles, third .at 850 foot candles, fourth 
at 700, fifth at 600, and the sixth (nearest windows) at 
500*- r After carefully measuring bhe* electric consumption . 
f or ^n entire semester,, it was. found t^at two unautomated 
classrooms (used as an experimental 'tontrol) used ^6 
percent more' el^ctri^^Uy than did the classrooms with - 
automated switching. <63, Chapman, pl9 3)* 

5) New office space in a" San Francisco building ha^ been 

' provided with ancillary lighHivg^ in certain are^s which * j 
' is controlled by a photo-cell oVerride which limits its 
^ use to non-daylight hours •only. * (76, Architectural 
' Record ,pl20) * * , .\ ' 

6) One floor of the Manchestfer Fe<ieral Office Building is 
equipped with automatics ^witbhiij/I The three perimeter 

* ' 'rows of lighting are connected to'-photo-electric ^cells 
'adjacen.t to each row\of lighting. When daylight ing is 

v^i »^ adequate,/ each r6w is independently switcned off:^ A*30 

/^^"".'.V / second' time delay prevents the lights from^rapidly 
^ ' switching on -or off as would be the case with a cloud 

momentarily -blocking tTi'e sun. (75,Isaak,p23) 
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'6.4 INTERIOR COLORS/Daylighting ' ^ 



\ 

STRATEGY 5 



- Paint interior '♦surfaces a light color" to* increase the light 
level possible from daylighting, / 



PHENOMENA: 



1) Light^ colored surfaces reflect light increasing the 
ambi'ent light* level for a -given amount of available 
a 'light. Dark surfaces absorb light decreasing the . 
/ ^Vfant -light level. The following table gives typical 
rfefiect4.on facto2;s fbr different colors: (75 ,Kern,p336) 

REFLECTION FACTORS OF COLORS 



COLOR ' - REFLECTION FACTOR 



l^ite ^* * . 80 to 90^ percent 



Pale yellow, rose * • 80 



Pale beige,* IjJLac * ,70 . . 

Pale blue, grenen ^ 70 to 75 - 

« 

Mustard* yellow 35* 

Medium^brown * 25 ^ 

Medium blue, green - 20 to 30 , 

Black ■ _ ' 10 \ ' 

Note: Reflection factor'= reflected light/incident 
light given as a percentage. 

The exact reflection factors for a given color can be 
determined by matching it to a standard system colors 
called "Munsell Colors" and using a conversion tSble to 
^ det^ermine the reflectivity. (72, IES,p5-16) ' 
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2) 



The following aVe-example reflection factors desirable.,, 
for different suVfaces o^ a room^ (75 ,K^j:n,p336) . , 

DESIRABLE REFLECTION FACTORS FOR INFERIOR SURFAj:ES . , 



SURFACE ' 

Ceilings* 

End walls: 
i » 

in poorly lighted room^ 

in well lighted rooms 

'Walls containing "Window (s) 

Floors ' * ' , 

i * * 

■s 

Note: 



REFLECTION a FACTOR 

V 

^80 percent 

70 ' • 
25 ' 
80 
25 



The* use of light' reflective coloTsXoij th^ wall (s) con- 
taining windowXs) decreases the' conVrast between the 
windows and the surrounding surfacje^ For the same* 
reason, the window frame, sash, and muntins shou'ld also 
be a light color. Light coiots on surfaces adjacent to 
or'Qpposite windows should have a matta finish to* j 
alleviate the^ 'potential .problem of tqflkcted glare. 



"3") TTTe^lkretthOTrd^ of a-nroon^^ is- 

lessened if it is furnished with dark-;H^olo\ed draperies, 
G'arpeting, wall hangings, "and fumitiire. 



ADVANTAGE?: 

1) 
2> 



Increased availabilit;y' of 4^^1ight f or^ task 'illilipination 
or ambient illumination. * \ 

\' 

Decreased likelihood of glare ^rom excessive'conrtr\st 
between bright windows and *dark\ surroundings . 



DISADVANTAGES: 



Dirt, fJ.ngerpriHts, and souff marks* ^are mpVe conspicuous on 
light-colored surfaces; ^ 



AESTHETICS:* 

1 ^. 



Selected colors can have Interesting effects upon people*. A 
"rule of thumb** is to use warm colors (yellows, oranges, 
• ' Teds) in north-facing rooms reoeiviag little or no sun', and 
cool colors (greens, blues, and vioJLets) in rooms receiving 
.plentiful sunlight. . - ' 



COSTS>. 



The cost^of light colored paints versus dark colored paints 
is the sam^e oi? insignificantly different. - ' 



EXAMPLES : . 



The following table illustrates the imprpvement in illumination 
both in* uniformity and bifightness possible with increasing 
reflectances of walls, floors, and ceilings. The illumination 
at the rear of ^a room with very dark surfaces -is used^.as the* 
basis of comparison. The room is 30 ^^32 x 12 ft. high with 
6 ft. directional glass block the full 32 ft length. J (66, 
IES,p7-10) ' . ' ^ 

' EFFECT ^QF .SURFACE REFLECTANCE .UPON REL. ILLUMINATION 

Reflectance Factor. .Relative Illumination .at various 
' ^(percentT distafices , from 'fenestration 



Walls . 


Floor 


Ceiling 


■3 feet ' 


15 'feef 


17 feet 


•6". 


6 


6 


..6.57 » 


2.^ 


1.00 


28 


28 


28. 


8.55_ 


3.62 


• 1.60'' 


62 ^ 


28 • 


1 

62 » 


•11.98- ' 


5 . 75 ■ 


3.16 


* 













REFERENCES: 
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Kern, Ken. The Owner BtSilt^ House Charles Scribner's Soils Inc., 
NewYork,'N. Y., 1975. . 
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65 THERMAL MASS/Solar Heating 



STRATEGY: 



Locate massive materials directly in the path of winter sunlight 
, transmitted through windows in order to store part* of the 
incoming solar heat, avoid overheating, and provide re-radiated 
heat 'during non-sunlit hours. • , ^ * 



PHENOMENA: 



1) Large* window areas, especially in smajA rooms, can transmit 
so much solar energy that overheating may occur during 
periods of peak solar intensity. "Shis. can be "p^i^tially 
^ remedied with tW use of heavy," massive materials-, - ifo*the 

sunlight enteripg* a"" room falls' on, the surface of a massive 
^ mateT;ial,'^uch as a slate floor, part of the energy is 

reflected as light, ^and part' of "tl^e energy is absorbed and 
becomes heat.* This heatjj raj-ses the-sarface temperature of 
^ ^ * the material. Whefi the internal temperature of the material 

Is. lower than the room ait temperature^" the heat is ,con-' 
"'ducted Inward into jthe jnass~of the. material . When the room 
temperature later begins to drop and becomes lower than tTie 
, surface temperature of the material, the* heat -accumulated 
yithin the material flows outward. The heat is returned to 
~ " *~rh:e raW by~-T:oTT\rect!h>n"^^at^-1rhe^t^^ — 



by radiation from the .surface of the materidl tb ..opposite 
and adjacent room surfaces with a lower temperature. 

2) How effectii^ aimaterial is in. storing* heat ca^be judged 
from its ability to absorb sunlight , conduct surface Aieat 
into Its ma§s (conductivity)., and hold- the resulting heat. 

The ability of a material to absorb jsunlight is largely * 
determined by Its .colqr and texture-. The f ollow ing ' 
' table provides an approximation" of tiie percent of solar' 
radiation absorbed by different colors. ^ (65^ASHRAE,pl- 

6) y ' ^ 



' * COLOR V ^\ ^ PERCENT ABSORPTION 

' -» * « 

P white, ^smoqth surfaces 25 to AO percent 

. , ^ gray to dark gray * . 40 to 50 

*' \t*%'^ green, red, brown ; ' * 50' to 70 

, dark brown, blu6 70 to._80- 

« ^ . ' -jiark blue, black * ^ * 80 to. 90 

♦ « — - * ' ■• 
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3) The abriity of a material to JiQld^heat can be judged by its 
, • "thermal capacity" whiGjx equals ^its density multiplied by 
its specif ic ^heat • (Density t^-^ounds per cubic foot or 
.kilograms per cubic meter; Specific heat: BTU/lb^F .or 
* KJ/Kg°C.) ' ^ ' \ * ' 

. • - ^ • . • ^ . . ^ ^ : 

The greajier the thermal Capacity, the. better the material 
is for storing heat. If t\^o materials hav^ a simiJLat 
* thermal capacity, the material with- th£ higher conductiv*- 
ity is a better storage medium, -^he following table 
provides information on both solar absorption and thermal 
capacity of several common^ materials . (Calculated from 67, 
Baume"ister,p4-ll'and 6-8) , ' 



SUITABILITY OF MATERIALS FOR STORING HEAT FROM SUNLIGHT 

' . , CONDUC- 



MATERIAL-COLOR 

Br i(iS\-^g lazed white 

Brick - common, red 

Marble. - white 
« 

Marble - dark 
Granite - reddish 



TOTAL PERCENT 
SOLAR ABSORBFD^ 

0.26 ' 

0 .'68 

0:44 * 

0.66 

' *0.55 ' 



, THERMJ^ CAPACITY TIVITY 
' (^TU/°F^ft.3)-» BTU/hr ft 



Slate - blue gray 
Slate - dark gray, rough 
Concrete - \ . 
Wood - white pine 
Wood - white oak 
Steel - enamel fed 
Water 
NOTES: • 



0.96"^ 

0.65 



0.81 



24.6 
'24,. 6 
35:7- 
35.7 


I- . . • 
. 0.4 

1:5-' 


32n2 












37.8 




22-5 ' \ 




18.1- 


0.06 


27.4 


0.10 


58.8 


^ 26.2 ^ 


'- 62 .p 


0.35 



\. Source: (65 ,ASHRAfi,pl-61) 



"7 



2.^ Conductivities are given' without regard to color in 
72,ASHRAE,p570, , 

4) * The following table can be^ used as a guideline to roughly 
, • approximate how much m4ss should be provided y:o store a 
window's solar heat gain. (Square^eet of material 'per 
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% square foot of window,) .Different areas of material are 
given' for' different thickness of materials, ;for different 
amounts of daily solar heat^gain, and for different 
average fnside-outside temperature' dif f er-ences . (7^ 
. • Anderson, p46) /The inside'-outside tempjera*ture differeftce 
is important because it determines^ how much 'heat is 
needed ^to maintain a ' comfortable^ room temperature. Not 
given is the 'resistance* to outward heat fJ.ow afforded by. 
the building envelope, ^ A well insulated double glazed ' 
residence would require less mas^, 

AREA of' CONCRETE ^ REQUIRED TO STORE WTOl^OW SOLAR HEAT GAIH ^SQ,FT,>> 

Average Daily • , Allow. Inside 

Solar Heat Gain. Temp. SwAg • " THICKNESS OF CONCRETE 

through the Windaw ^ <°F) - • , 4" 8" 12" 

' ^- .. ' 5 -25.00 ' 12.50 6.25 4.17 

2 , 10 . *12.;:^,0 • \ 6.25- 3.13 .■ 2-408 

500 Btu/ft ' 15 ^ 8.34 4.17 2.08- i.39 

■ ' 20 • 6.25 3.0.3 1.57 •l.0'4 
■' ' ,25 ' 5.00 2.50 1.25" -<tf-.83 

' . ; • - ^ y ■.. 

5 Y 37.50 I 18.75- . 9.38 , ^6.25 

„ • '10 18.75 9.38 '" 4.69 3.13 

'75© Btu/ft ,- ,15 12.50 . . 6.25' '3.13 , 2.t)8 

20 ' 9.38. ^.69 V2.35 1.56 

25 7.50 ' 3.75 j ^j^.87 1.25 

I . ' ■ •- . 'A 

■ 5 , • 50'.PO 25.00. .12'.5,0 ' 8.33 

„- .10 ' • 25.'ob , 12,50 , 6.25 4.17 

1000 Btu/f't ■ ^. ^15 • ];6.67 - 8.34 4.17' *2.78 

"'^"-f-. 20 " 12.50 . 6.25 3.13 2.08 

25, 10.00 . 5.00 2.50 l''.67 

- * ' ' 5.» 62.52 31.25 15,p '•10.-42 

2' ■ ■ -31.25 .15.63'- ?.81 5.21 

1250 Btu/ft 15 • 20.83. 10. 42 5.21 3.4/ 

• ' ♦ .. _ ,20 - 15..63 ,.-7.81 .3.92" 2-.60 

• , 25' y . 12.50 ^ '6.25 3.13 ' 2.08 

■ ,2 ■ ' 5 ' . 75>^O0 37.50 .18.75 "•12.50" 

1500 Btu/ft • IC ' 37.50 18.7-5 .9.37 ■ 6.25 

■ <• 15. " ',25.00 12.50 ' 6.25 .4.17 
^. • , 20 -18.75 . .9.37 _ 4r68 3,.«12 

' ' ' . 25 • 15.00 7.50 3.75 . 2'.50 



175a Btu/ft ' 15 . 20,83 10.42-- '!^>21 3.47 

. • ■ ' . 20 * 15'.63. , 7.81' 3.82 2.60 

- 25- » 12.50 6.25^3.13 2.08 



5 '62-.52 ■ .31.'26' , 15 .63 ' = 10 .42 

10 31.26 15.63 ' 7.81 5,.2l" 



1) ' average daily' solar heat gain for a specific ^ » ^ 
region and orientation can be found dh pages 388 

. through 392 of the '1972 edition of ^the^ ASHRAg , 
Handbook of Fundamentals . 

2) To estimate the a-^ea of ofher mbnolitlfic materials 
^ required, ^ multiply the areas given in ^the*. table by 

the , following values: ' * ' ' 

wood' 1.00 stone 0^ ^ ( 

'brick 0.8'6 'water '0.J8— ' ^ 

5) , Massive materials may be effective during the summer, if 

the .night temperatures are substaiiLtially lower than into 
the daytime temperature. Outdoor night air allowed' to 
enter n-thrbugh o'pen windows and passing over' a passive < j 
. mat^erial will lower its surface temperature: Subsequently, 
the internal heat will be drawn out of tThe material. 
During the day, if the outside air temperature is greater 
thait the indoor air temperature, the windows ^are closed 
and shaded. As the room air temperature rises, heat is» 
absorbed back into the cooler massive -mate?:ial . The 
'rate at which the ro^m air temperature ris^es is' thereby^ 
reduced . * ' , , . ^ 

6) ' The geometry of a building material vill ^Iso affect its 

ability to. store winter solar hea-t or summer evening 
coolness. Steel is ^ good storage material due , to its 
high dgnsity (in spite of its low specific heat). ' ' 

However, if the material occurs in a shape with a great 
deal of surface area such as a.wid^ flatlge b^am, there 
is very- little thickness where the heat can be stored 
unless for a short period^ of time. The large surface- 
area to volume ratio limits th^ ability of the beam to 
store heat. 

* 

7) The effectiveness of a massive material irt^ augmenting the 
heating or cooling system can be increased by embedding a^r ♦ 
ducts or copper tubing in the material and routing the heat 
transport medium of the mechanical system through the slab. 

ADVANTAGES : 

1) Increased utility of so*lar energy transmitted t*hrough wind 

2) ' Delayed day time temperature rise during the summer. 

" ^ - ^ *- 

3) Reduced frequency of heating or cooling system cycling 
(switching on arid off) due to the- "thermal inertia" 6f the 
massive .material'. * ^ ' ^ ' 

4) Reduced sound transmission when massive materials 'are used 
between spaces to be acoustically separated. ^ ^ 
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• 


DISADVANTAGES: . " ' * 




1) 


Decreased responsiveness- of room temperatures to the 

• > - ■ : . 






Increased reverberation of sounds within the room due 
to the surface hardness common to dense, massive 
maLcnajLS« 


1 

i ^ 


• • 3) 

1 


Decreased flexibility in furniture arrangement. 


1 




Decteased. flexibility in repartitioning flt)or ^pace 
when massive 'materials are used 4n the interior wall 
construction. ' * ' ^ 


1 
1 


<> 

V 


Increased loading 'w^iich must be carried by the structural 
system. (However, the taassive material may be part of 
the structural system as with load bearing interior . 
masonry walls*) 




* ' J * ^ • ' ' • 

AESTHETICS: * . . 




■ 1) 


MassiA^e walls, floors, or ceilings give a sense of 
permanence 4' " ^ " 






The hard surfaces of massive materials may be smooth 
of textured to reduce their harshness. 


« 


3)' 


Tapestries, rugs, and other coverings must be' located , 

'SO as not t<f reduce the" effectiveness of massive *- . 

materials.^ * ' ' - • 

* - 




• < 

COSTS: 

• 






The cost of inassive materials such as concrete, marble, 
V slate, or brick flooring may ^be justified on, aij. aesthet4.c, 
♦ ' durability, or structural basis with the thermal mass 

considered a supplemental benefit. ' . ' _ * 




EXAMPLES: 

' - • • J 


• • " % ' 


■ ' > 1) 


The National Concrete Masonry. Association, using the-, 
National Bureku' of Standards Computer Program (NBSLD) 
to evaluate the ef f ectjs of mass on the size of air ^ 


* 


*'ERIC . 
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conditioning. equipment , calculated a 16 percent 'reduction 
* ' in peak cooling load could be achieved thTk)agh the us§ 
• of massive materials. In the first series ''^)^f computer 
runs a 2-story building was* exposed to a 24ihour-cycle. 
of temperatures ranging « from 76^F to 9,4^F. Eor the 
first computer run the walls were assumed to b^e* composed - 
of wood studs and insulation {laving a weight of a lbs. . 
per square foot and U-value of- 0.10. Results^ pt^ the 
analysis indicated that maintaihing'75^F would V^cjiuire 
air. conditioningv equipment with a peak cooling load 
'Capacity, of 40,500 Btu per hour-. For the second ^ 
computer run the wa,lls were changed from insulated \ • 
\v^ood frame *to insulated concrete masonry with. the same 
U-value, but the weight was increased to 40 lbs. per \*, 
square foot (8" light: -weight concrete block) . The \ 
peak load was then calculated ,to be 34,000 Btu, or a 
* ' savings of 6\500 Btu, a reduction of 16 percent. 
(75,NCMA-TEK,p2) • 

2) A house in Santa Fe^, New Mexico -is entirely heated 
from solar heat transmitted through 384 sq. ft. of 
^ south- facing double glazed windows. To'^sdrb the < 

heat and keep the room .temperature comfortable, the 
V house *has a large amount of interior mass. Walls are , 
14- inch adobie, floors are brick with 24 inches of 
underlying adobe, an^ several benches in the path of 
' * the/incoming sunlight contain' 55 gallon d^rums of * 
water. This^ma'fes is capable of keeping the home * 
comfortable for three to"^ f our sunless days* ' (76 ,Cole,p22) 

'3) A vacation housefdn Illinois built by the owners -for 

approximately $10,000 is capable of achieving tempera- 
tures yp to 100 degrees with window solar heating 
-(37.8''C) when the outside temperature is five degrees 
(-15''C). dt^-of the key components of the system is 
^jrthe prpvisfbn of heat storage. Two 16 cubic feet 
]^ jjjsylate^ steel tanks filled with 'water" are located-- 
v-the'patfh of sunlight entering through side windows and 
skylights. ^Opened reflectTve panels outside the 
Vindow reflect* additional sunlight , through ttieC^skylights 
during* the heat callection period, thei| the panels are 
closed at night to help reflect the heat radiating 
from the storage tanks back into the* room* In the 
summer the process is reversed: the panels are closed 
during the day then opened at night to allow the he*at ' , 
accumulated in the water from the room to be dissipated 
' to xthe 'night sky* (75, House and Garden, pl34) 
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CONCLUSION 



A window can be a* solar collector introducing valuable 
energy vhich can lower winter heating costs; a source of illu- 
mination which^ can substitute for artificial lighting tq loWer 
electricity expenditure; and a means of rlatural ventilation which 
can jiostpone t;he need for air conditioning in the spring and' 
fall, and substitute for conditioning on cool summer even itigs. 

Numerous design strjlcegies can. improve these capabilities of 
a windov^. The solar energy a window receives ^can be increased by 
light-colored adjacent ground surfaces and by favoring southern 
exposures. The usefulness of sunlight inside the building can be 
in^creased by *'provddit^g mass tb store part of the sun's heat. The 
utility of daylight* can be increased .by providing light-colored 
walls and ceilings, and by facilitating the substitution of 
daylight for electric light. Examples include separate switching 
*of perimeter .lighting, task lighting separate from ambient 
lighting, and" automatic control systems driven by light sensors 
and/or timers. Finally, Jthe ability of windows to provide venti- 
lation can be improved through proper orientation to prevailing 
wjnds and bjr selecting bperating^^window type^S which effectively 
direct <ithe entering ami exitirtg air- stream. Even when fixed 
glass is required oppmrtunitieSj for admfitting outside air are'- 

available with frame ventilators or thru-glass ventilators. . 
^» ' • > 

igll stra'tegies carf^ likewise minimize the window thermal 
load on mechanical systems." Winter heat^ loss through windows c£ 
be reduced with double glazing, storm sash, or edge-sealed, tra: 
parent roll shades. Night-time heat; loss can be minimize^ wit 
tight-fitting draperies, opaque'^ jroil shades, or insulating shi 
Leakage of unconditioned outside a;ir in and conditioned insi" 
air out through window cracks can be greatly reduced by initially, 
installing good quality windows, by providing weather s tr ipp ing , / 
•and by landscaping and exterior appendages which redu<^e the force 
of the wind, finally, there are -numerous means of blocking ^solar 
heat gain in the summer, the most effective solution/ beiyi^g 
exterior appendages .or site;, solutions. 



rttera 



Window design strategies can provide occupant^ with more * 
, freedom in managing their individual environments ,/ and /wjien / 
effectively used', they can improve comfort, and reduce/purcMseti 
energy e:^penditures . ^ * * 
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